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Abstract 

SAFSIM (System Analysis Flow SIMulator) is a FORTRAN computer 
program to simulate the integrated performance of systems involving fluid 
mechanics, heat transfer, and reactor dynamics. SAFSIM provides sufficient 
versatility to allow the engineering simulation of almost any system, from a 
backyard sprinkler system to a clustered nuclear reactor propulsion system. In 
addition to versatility, speed and robustness are primary goals of SAFSIM. 
SAFSIM contains three basic physics modules: (1) a one-dimensional finite 
element fluid mechanics module with multiple flow network capability; (2) a 
one-dimensional finite element structure heat transfer module with multiple 
convection and radiation exchange surface capability; and (3) a point reactor 
dynamics module with reactivity feedback and decay heat capability. SAFSIM 
can be used for gas (compressible) or liquid (incompressible) single-phase flow 
systems with primary emphasis on gases (or supercritical fluids). This 
document contains a description of all the information required to create an 
input file for SAFSIM execution. 



Preface 

This document is the second of three documents that describe the SAFSIM 
computer program. The first document (SAND92-0693) is a theory manual 
that describes SAFSIM’s governing equations and numerical methods, along 
with their computer implementation. This second document is an input 
manual that provides the analyst with the information necessary to build a 
SAFSIM input model. The third document (SAND92-0695) is an application 
manual that provides various example problems, including benchmark 
problems. All three documents are currently based on Version 1.0 of SAFSIM. 
Upon completion of all three documents, the SAFSIM computer program will 
be released to one of the national software centers. 
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1.0 Overview of the SAFSIM Computer Program

The following subsections provide a brief overview of SAFSIM’S modeling
capabilities. The theory manual (SAND92-0693) should be consulted for the
details of the governing equations, the numerical methods, and their computer
implementation. Also, the application manual (SAND92-0695) provides ex-
amples of SAFSIM input files.

1.1 Introduction

SM?SIM (System Analysis Flow SIMulator) is a FORTRAN computer
program that provides engineering simulations of user-specified flow networks
at the system level. It includes fluid mechanics, heat transfer, and reactor
dynamics capabilities. SAFSIM provides sufficient versatility to allow the
simulation of almost any flow system, from a backyard sprinkler system to a
clustered nuclear reactor propulsion system. In addition to versatility, speed
and robustness are primary goals of SA.FSIM.

The motivation for SAFSIM is the desire to have a tool to provide quick and
inexpensive engineering performance simulations of complicated systems. The
simulations are intended to provide a first-look understanding of a systems’
transient behavior during operational and off-normal conditions. It is also
desired that this tool have the ability to accommodate changes in the problem
definition via changes in an input file rather than changes in the computer
program. Thus, all geometric and operational information is provided by the
analyst, allowing the analyst to select a level of modeling detail consistent
with the problem detail available.

SAFSIM currently contains three basic physics modules: (1) fluid
mechanics, (2) structure heat transfer, and (3) reactor dynamics. All three
modules (along with function-controlled variables) are explicitly coupled to
allow the prediction of system performance. The analyst can employ any or all
of the physics modules as the problem dictates.

1.2 Fluid Mechanics

The fluid mechanics module is based on a 1-D finite element model that
allows the specification of a user-defined, single-phase flow network or
multiple networks. Provisions for modeling either open or closed networks are
incorporated. The fluid can be either a gas or a liquid; also, mixing models are
included that allow the specification of multiple gases. The fluid mechanics
module includes the solution of compressible thermal and mechanical energy
equations. The mechanical energy equation is a combined momentum and
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mass continuity equation. The thermal energy equation is a total energy
equation (combined with the mass continuity equation) in which the
momentum equation has been subtracted. The dynamic (unsteady-state)
temperature term in the thermal energy equation and the dynamic (unsteady-
state) mass flow rate term in the momentum equation are currently not
included; however, their inclusion is planned for a future version. Also, the
mass accumulation (unsteady-state density) term in the mass continuity
equation is omitted at this time. SAFS IM is structured for a fully implicit
implementation of the dynamic terms.

Super element capability is provided for the mechanical energy equation
solution, greatly improving computational efficiency. Two correlations are
available for determination of pipe flow fkiction factors, including effects of
wall roughness. Correlations are also available for porous media friction factor
calculation. Separate loss coefficients for both forward and reverse flow can be
included. Also, loss coefficients for contractions and expansions (both gradual
and abrupt) are automatically determined by SAFSIM if desired. The body
force due to gravitational acceleration can be included if desired. An option
exists to bypass the mechanical energy equation during problem execution.
This is useful if the flow and pressure fields are not changing significantly.

Advection, conduction, and convection within the fluid are modeled in the
thermal energy equation. Upwind finite elements are employed for the
thermal energy equation with automatic determination of the optimum
upwind factor based on the Peclet number. Automatic upwind elements based
on Mach number are also planned for the mechanical energy equation, allowing
the simulation of supersonic flow. Convective heat transfer from any solid
structure to the fluid (using Newton’s law of cooling) is based on the log-mean
temperature difference. This improves accuracy, especially for convective heat
transfer at low flow rates. More than one convective surface can be coupled to
any fluid mechanics finite element.

Although the mechanical and thermal energy equations are solved
separately, they are iteratively coupled to provide the solution to a total
energy equation for the fluid. Iteration on the fluid density is used for this
coupling. An equation of state provides fluid density as a function of pressure
and temperature. An ideal equation of state is used for gases. For liquids, the
density is specified as a second-order polynomial function of temperature.
Fluid conductivity and specific heat are specified as third-order polynomial
functions of temperature. Either a power-law or Sutherland-law equation can
be used to specify fluid viscosity. Multiple temperature ranges can be specified
for the three fluid properties. (All polynomial and viscosity law constants are
provided by the analyst.) Also, an interface with SAFSIM is provided that
allows the analyst to easily include his own equation of state and property
data as functions of pressure and temperature.
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Different time steps can be specified for each fluid mechanics flow network.
Pressure or mass flow rate boundary conditions can be applied to any node of a
flow network for the mechanical energy equation. Temperature or zero heat
flux boundary conditions can be applied to any node for the thermal energy
equation. Mass fraction boundary conditions for each gas of a multiple gas
network can also be specified for any node.

Four special finite elements are included to increase modeling versatility:
(1) a porous media element, (2) a choked flow boundary element, (3) a
compressor/pump element, and (4) a distributed flow manifold element. A
porous media finite element allows the user to specify an element porosity to
simulate porous media. The analyst may select the Ergun, Achenbach, or Beek
correlation’s for calculation of the porous media friction factor. If none of these
correlation’s is adequate, the analyst can define his own via the input file. A
choked flow boundary element allows the simulation of choked flow based on
solution of the compressible, isentropic flow equations. Discharge coefficients
can be added to this special finite element to account for any non-isentropic
effects. This “analytic” element allows a convenient way to model choked flow
in converging nozzles without the need for multiple elements. The
compressor/pump finite element requires the input of a pump characteristic
curve along with rated and operational speeds. The pump characteristic curve
is adjusted for varying operational speeds based on the pump similarity laws.
A distributed flow manifold finite element accounts for the fact that flow can
enter or exit this element along its entire length and not just at the nodes. It
provides a pseudo two-dimensional capability that is useful in modeling plena
with inflow/outflow distributed along its length. This special element can also
be used, if desired, to more accurately model the momentum transfer in tees
and wyes (or other flow splitting devices).

Three equation solvers are available for the mechanical energy equation:
(1) Gauss-Seidel (iterative), (2) Cholesky decomposition (direct), (3) and Gauss
elimination (direct). A fourth solver (LU decomposition with iterative
improvement) is planned for inclusion to handle very large networks in which
round-off error accumulation is a problem. The analyst may select any of these
solvers based on the specific problem; if a specific solver is not selected,
SAFSIM attempts to use Gauss-Seidel iteration first. If convergence is not
met, or if the coefficient matrix is not diagonally dominant, Cholesky
decomposition is employed. This is a direct solver that operates only on terms
within the semibandwidth of the coefficient matrix and is therefore relatively
fast. If the coefficient matrix is not positive definite, Cholesky will fail and
Gauss elimination is used. This is the slowest of the three solvers but the most
general. This solver uses partial pivoting and is written so that only the terms
within the bandwidth of the coefficient matrix are included, greatly increasing
speed. The Cholesky and Gauss elimination solvers both require numbering of
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the network nodes to minimize the bandwidth. The use of multiple numerical
solvers adds to the robustness of the program.

Two solvers are available for solution of the thermal energy equation: (1)
Gauss-Seidel, and (2) Gauss elimination. For flow problems that are
advectively dominated (such as many gas flow problems), Gauss-Seidel
provides a rapid solution for the fluid temperature field. Gauss elimination is
included for flow problems that are not advectively dominated because the
coefficient matrix may lose its diagonal dominance. Cholesky decomposition is
not included for the thermal energy solution because the coefficient matrix is
not symmetric due to the advective term in the equation.

1.3 Structure Heat Transfer

The structure heat transfer physics module is based on a 1-D finite element
model that allows the user to model conduction in any heat transfer structure
such as pipe walls, fuel elements or particles, vessel walls, thermocouples, etc.
The user can include as many structures as desired. Multiple exchange
surfaces allow the user to connectively or radiatively couple any heat transfer
structure finite element to any fluid mechanics finite element(s). The module
can be run in static or dynamic mode. In dynamic mode, SAFS IM
automatically determines the optimum implicitness factor for each node of
each structure at each time step. Time step size can be automatically
calculated for each structure by the program or user specified.

Material properties can be temperature dependent if desired. Also, several
options are available for supplying the property data, including tables,
polynomials, power laws, and constants. An extensive built-in heat transfer
coefficient correlation library includes correlation’s for laminar and turbulent
flows, for internal and external flow geometries, and for gases and liquids
(including liquid metals). Automatic finite element generation for spherical,
cylindrical, conical, and rectangular geometries is available. Temperature,
heat flux, and convectiv<radiative boundary conditions can be specified. Also,
finite elements from different heat transfer structures can be conductively
(including a contact resistance) or radiatively (including view factors) coupled.
This coupling, however, is explicit. A tridiagonal numerical solver provides a
rapid solution for the node temperatures of all of the structures.

SAFSIM contains an automatic steady-state option that allows a consistent
solution between fluid mechanics and heat transfer physics modules. A
solution process is used in which the steady-state fluid mechanics solution is
determined for all flow networks based on initial guesses for all structure wall
temperatures. Then, the steady-state temperature distributions in all struc-
tures are calculated and the wall temperatures updated. Iteration between the
steady-state fluid mechanics and heat transfer solutions continues until the
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wall temperatures converge within user-specified convergence criteria. Steady-
state solutions can also be found by performing a transient solution until all
the time-derivative terms approach zero.

1.4 Reactor Dynamics

The reactor dynamics physics module is based on a point (O-D) kinetics
model with feedback. Multiple reactors can be specified, and multiple feedback
coefficients are allowed for each reactor to account for all system interactions.
The analyst has complete control over how the feedback coefficients are
defined. Also, several “control laws” are available to simulate control rod/drum
reactivity control for reactor startup and shutdown simulations. Special-
purpose control laws can be added to the program by the analyst if desired.
The analyst can specify any number of delayed neutron groups and any
number of decay heat groups. Initial precursor concentrations can be input or
calculated automatically by SAFSIM based on steady-state conditions at the
specified power level. A source term also can be included.

Two solvers are currently available for integration of the reactor dynamics
equations: (1) Euler, and (2) Runge-Kutta-Fehlberg (RKF). Adaptive time
stepping is employed by both solvers based on the desired relative truncation
error. The Euler integrator employs step doubling to provide the truncation
error estimate for time step selection. The RKF integrator determines an error
estimate as the difference between a fourth- and fifth-order prediction. The
analyst can switch between solvers during a problem if desired.

1.5 Function-Controlled Variables

In addition to the three physics modules, SAFSIM contains a unique input
feature: function-controlled variables. This feature allows the analyst to
specify many of the input variables as functions of the output variables.
Examples of input variables include: convergence criteria, flow areas,
conduction lengths, feedback coefficients, compressor speed, and bound&y
conditions. Examples of output variables include: pressure, temperature,
velocity, and heat transfer coefficient. For example, the diameter of a fluid
mechanics finite element can be specified as a function of a heat transfer finite
element temperature to simulate the effect of thermal expansion on the flow
field. Functions can be specified as functions of other functions to allow
complex logic paths to be included via input. A library of functions is included
along with a provision for the analyst to easily add his own. Examples of
mathematical functions in the library include: cosine, square root, averaging,
table lookup, polynomials, and conditional statements.
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1.6 Status and Future Enhancements

SAFSIM is a functional computer program that runs on a personal com-
puter and provides the analyst with a tool for rapidly obtaining engineering
solutions to complex system analysis problems. Benchmarking and documen-
tation are in progress. Also, additional enhancements are envisioned to make
SAFSIM even more versatile, robust, and fast.

To expand the class of problems for which SAFSIM is applicable, several
enhancements are envisioned. These enhancements are provided in the
following non-prioritized list:

(1) LU decomposition solver with iterative refinement for very large flow
networks

(2) Built-in bandwidth minimizer for the mechanical and thermal energy
equations

(3) Upwind elements for the mechanical energy equation

(4) Blowdown tank option

(5) Turbine finite element

(6) Dynamic temperature term in the thermal energy equation

(7) Dynamic mass flow rate term in the momentum equation

(8) Dynamic density term in the mass continuity equation (mass
accumulation)

(9) Kagonove solver for reactor dynamics equations

(10) Structural mechanics physics module with plasticity and creep (l-D)

(11) Restart capability

(12) 2-D tables and other special functions

(13) Enhanced user-supplied subroutine interfaces

(14) Pre- and post-processing capability (graphical interface)

(15) Electromagnetic pump finite element for liquid metals

(16) Accumulator model for liquid systems
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2.0 Creating a SAFSIM Input Model

The theory manual (SAND92-0693), a companion document to this input
manual, provides a complete description of SAFS IM’s governing equations and
numerical methods. The theoretical manual serves as an engineering syst.em-
modeling primer and provides essential information regarding the
applicability of SAFS IM. Also, to make appropriate use of SAFS IM, a basic
understanding of the following subjects would be useful: fluid mechanics, heat
transfer, reactor dynamics, thermodynamics, finite element methods, and
numerical methods.

As mentioned in Section 1.0, SAFSIM consists of three basic physics
modules: (1) Fluid Mechanics, (2) Heat Transfer, and (3) Reactor Dynamics.
The analyst can employ any or all of the modules as the problem dictates. The
number of fluid mechanics flow networks, heat transfer structures, and
nuclear reactors used in the model is entirely the decision of the analyst,
within array dimensioning constraints. Thus, the analyst can build a system
input model with a level of complexity consistent with the level of available
problem definition. As more definition becomes available, or as the
understanding of the system performance grows, the input model can be
extended and modified accordingly.

Building a system model requires the building of the fluid mechanics, heat
transfer, and reactor dynamics models. The details of building these models
are provided in the next three subsections. The analyst must ensure that the
proper connections between the three models are provided. For example, a
heat transfer structure with a convective boundary condition requires the
input of the connecting fluid mechanics network and element identification
numbers. If additional fluid mechanics elements are added, the connections
must be updated to reflect the additions.

After the fluid mechanics, heat transfer, and nuclear reactor models are
completed, function-controlled variables and functions may be specified. This
allows the functional specification of many of SAFS IM’s input variables. For
example, a time-dependent pressure boundary condition could be implemented
with a pressure versus time table using function-controlled variables. Another
example is the ability to control a flow area at one location as a function of the
temperature or pressure at some other location. The use of function-controlled
variables is fully explained in Subsection 2.4. Because most of SAFSIM’S input
variables can be function controlled, this capability offers tremendous model-
ing flexibility.

A top level flow chart of
figure. The flow chart shows

the SAFSIM program is provided in the next
the order that the physics modules, functions,
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and function-controlled variables are updated for steady-state and transient
calculations. This order should be kept in mind when creating the function
and function-controlled variable data. System functions and function-con-
trolled variables are updated only once for steady-state calculations. Typically,
all time-dependent functions are included in the system blocks. However, any
function or function-controlled variable can be included in any of the function
or function-controlled variable blocks. In other words, including a function in
the fluid mechanics function block specifies when that function is updated.

SAFSIM ~0~~ Flow Chart
i 1

Solutionfor all Networks
Update Fluid Mechanics Functions I

Update Fluid Mechanics Function-
* % Controlled Variables

Update Heat Transfer
Solution for all Structures

k # Update Heat Transfer Functions

Update Heat Transfer Function-
Controlled Variables

Update Reactor Dynamic
Solution for all Reactors

Update Reactor Dynamics Functions
I

Update Reactor Dynamics Function-
Controlled Variables

I
I

●
I .

steady-state iteration newtime step
w

The fluid mechanics, structure heat transfer, and reactor dynamics
solutions, along with the function-controlled variables, are explicitly coupled
to simulate the integrated performance of the entire system. Employing
explicit coupling greatly increases program versatility and allows the analyst
to specify different sub-time steps for each fluid mechanics network, heat
transfer structure, and nuclear reactor in the system. Thus, sub-time steps can
be chosen consistent with the characteristic time constant of the different
physical phenomena. Automatic time step control for the heat transfer
structures and nuclear reactors is provided by SAFS IM and can be im-
plemented if desired. Also, the analyst can specify her own time step control
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logic via function-controlled variables and functions. The following figure
demonstrates the use of different sub-time steps for an arbitrary system.

The system time step is specified by
the analyst and can be controlled via
function-controlled variables if desired.
Sub-time steps are truncated to coincide
with the end of each system time step.
For very rapid transients, the system
time step can be reduced to more tightly
couple the different parts of the system.

The size of an input model is
constrained by the array dimensions
within SAFS IM. All array dimensions
are specified by parameter statements
that can be modified to accommodate
computer memory limitations and

time steps

system ) t

network 1 ~

network 2 ~

structure 1 ~

structure 2 ~

structure 3 ~

reactor 1 ~

Sub-Time Steps for a System

problem size requirements. The following table provides a list of the
FORTRAN parameters that define the current array dimensioning within
SAFSIM. The user can modify these parameters and then recompile and link
SAFSIM to incorporate the changes. Reducing the parameter values reduces
the computer memory requirements for SAFSIM.

Parameter
MAXEL

MAXELS
MAXN

MAXNS
MAXSETS

MAXC

MAXNOZ

MAXCMPSR
MAXDF
MAXES

MAXNTR

MAXG
MAXNW
MAXFCV

A

Value
500
250
500
250
25
10

25

25
50
25
4

4
5

200

-ray Dimensioning Parameters

Description
maximum number of fluid mechanics elements
maximum number of super elements = MAXEI_J2
maximum number of fluid mechanics nodes
maximum number of super nodes = MAXN/2
maximum number of bound ary condition set IDs
maximum number of fluid mechanics element
connections allowed to a single node
maximum number of nozzle (choked flow boundary)
elements
maximum number of compressor elements
maximum number of distributed flow elements
maximum number of elements per super element
maximum number of temperature ranges for fluid
property data
maximum number of gases (or liquids)
maximum number of fluid mechanics flow networks
maximum number of function-controlled variables
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MAXI? 200 maximum number of functions
MAXFCON 25 maximum number of functions that are constants
MAXF1’AB 25 maximum number of functions that are tables
MAX.FPOL 25 maximum number of functions that are polynomials

maximum number of function table x,y pairs
maximum polyn omial order + 1 for functions
maximum number of functions that are used for
calculating average structure temperatures

MAXFI’E 100 maximum number of table entries for average

MAXFDAV I 10

MH”DE I 100

temperature functions
maximum number of functions that are used for
calculating average fluid density
maximum number of table entries for average
density functions

MAXHS 200 maximum number of heat transfer structures
MAXELH I 500

MAXEXT 350

w%%=

maximum number of heat transfer elements
maximum number of nodes per structure
maximum number of exchange surfaces per heat
transfer element
maximum number of exchange surfaces for all heat
transfer elements
maximum number of heat flux surfaces per element
maximum number of delayed neutron groups
maximum number of decay heat groups

MAXRX 3 maximum number of nuclear reactors
MAXREAC 10 maximum number of differential reactivity feedback

I terms per reactor

2.1 Creating a Fluid Mechanics Network Input Model

As mentioned in Section 1.0, super elements are employed for solution of
the mechanical energy equation (which provides pressures and mass flow
rates) and greatly enhance computational efficiency. However, super elements
cannot be used for the thermal energy equation (which provides fluid
temperatures) because of the convective heat transfer terms. Therefore, it is
necessary to create two element networks -- a super element network for the
mechanical energy equation and an element network for the thermal energy
equation. The two networks communicate at the super nodes with respect to
pressure. Super nodes are those nodes associated with a super element.
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The accompanying figure depicts the two input models for a sample flow
network. Super element identification (ID) numbers are enclosed in brackets
and element ID numbers
are enclosed in paren-
theses. Super node ID
numbers are underlined.
The super element mod-
el contains six super ele-
ments and six super
nodes. The element mod-
el contains ten elements
and ten nodes. Super
element [1] contains two
elements: (1) and (2);
whereas super element
[3] contains only one
element: (5). The super
node ID numbers were
selected to minimize the
bandwidth of the pres-
sure coefficient matrix.
This should always be
done to maximize com-

-- ‘“”’’’’”
‘“u -

3 [4] 5 [6] *

1 23 4 6 ElementModel
w

(1) (2) (3) (4)

‘“u +~(6) 7(7)9 (lo) ,0

Network Model Schematic

mutational efficiency. Automatic bandwidth minimization is planned for a future
version of SAFSI M. The node ID numbers were also selected to minimize the
bandwidth, but this time for the temperature coefficient matrix.

Two different strategies for selecting node ID numbers should be
considered for each problem: (1) bandwidth minimization and (2) flow
direction dependent. Flow direction dependent refers to the numbering of
nodes in ascending order based on the direction of fluid flow. This strategy
should be selected for problems that are advectively dominated, as is typical
with gases. This means a node temperature is a function primarily of the
upstream nodes. In the sample network, if the flow is advectively dominated,
the temperature at node 9 is dependent only on the temperatures of nodes 7
and 8. Such problems can employ the Gauss-Seidel iterative method for
solution of the node temperatures, using a single iteration. Although this node
numbering strategy is very efficient, it has two shortcomings. If the flow
reverses direction, the nodes are numbered non-optimally for Gauss-Seidel.
And, if the flow is not advectively dominated, Gauss-Seidel iteration will
probably work but it may not be the optimal numerical method. Therefore,
bandwidth minimization should be selected if flow reversals are expected or if
the flow is not advectively dominated. Gauss elimination is employed for such
flows. Advective dominance is diminished if the flow rate is very small or if the
fluid conductivity is very large (as may be the case for liquid metals).
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Automatic bandwidth minimization is planned for a future version of SAFSIM. In
the future version, the nodes would be numbered based on the flow direction
dependent strategy. A second set of node ID numbers would be created by
SAFSIM based on the bandwidth minimization strategy. SAFSIM would then
choose the node ID numbers and the appropriate numerical method based on the
current fluid conditions.

The node ID numbers discussed in the previous paragraph refer to global
nodes. In addition to global nodes, every element (and every super element) is
associated with two local nodes. The specification of local nodes determines the
sign (+/-) of the computed flow rate for that element. For example, element (6)
of the sample flow network may have global node 5 assigned to local node 1
and global node 7 assigned to local node 2. In this case, if the flow is in the
direction as indicated by the arrow (from left to right), the computed flow rate
will be positive. If the local node ID number assignments are reversed, the
computed flow rate will be negative. Thus, flow rates are positive if flow is
from local node 1 to local node 2 of the element. The same rules apply to super
elements and super nodes; however, consistency of local node assignments is
required. Thus, if global node 5 is assigned to local node 1 of element (6),
global super node 3 must also be assigned as local super node 1 of super
element [4]. The analyst should choose a local node numbering scheme for
each specific problem to facilitate easy interpretation of the mass flow rate
output .

2.2 Creating a Structure Heat Transfer Input Model

Creating a structure heat transfer input model is somewhat easier than
creating a fluid mechanics input model because heat transfer element net-
works are not allowed. Thus, all elements for a structure are connected in
series and each structure has just two ends. The first node (end 1) is numbered
1 and the last node (end 2) is numbered NEH+l, where NEH is the number of
finite elements for the structure.

The geometry of a structure is specified by three variables: conduction
length, area, and volume. These three variables must be supplied for each
heat transfer finite element. For non-uniform area structures, an appropriate
element area must be selected. One choice is to use the algebraic average of
the node areas. Another choice is to use the element volume divided by the
element length. For cylindrical geometry, with conduction in the radial
direction, the appropriate area to use is the log-mean area determined as

A,= 2nHAr

ln(rO/~)”
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A‘ is the effective conduction area, H is the height of the cylinder, Ar is the
element conduction length, and r. and ri are the outer and inner radii,
respectively. This equation should be used for all elements except for the
center element of a solid cylindrical structure (ri=O),where the volume divided
by the length should be used. The appropriate area for spherical geometry is
given by

A’=4mqro. (2)

Again, the volume divided by the length should be used for the center element.
SAFSIM’S automatic geometry option uses these equations for cylindrical and
spherical geometries. In addition, the automatic geometry option allows
specification of partial cylindrical and spherical sections.

A useful feature of SAFSIM is the ability to specify multiple convection
exchange surfaces for each finite element of a structure and to couple each
exchange surface to different fluid mechanics elements. This capability allows
a pseudo multidimensional conduction capability. Thus, a plate can be
modeled with convection to one fluid stream on one side of the plate and to a
different fluid stream on another side of the plate. An additional exchange
surface could be specified for radiation from a side of the plate. It is also
possible to couple one heat transfer structure to another heat transfer
structure using functions and function-controlled variables.

2.3 Creating a Reactor Dynamics Input Model

Creating a reactor dynamics input model is relatively easy because the
reactor is treated as a point (O-D); thus, no explicit geometry information is re-
quired. However, one input feature requires further explanation: the spec-
ification of differential reactivity feedback terms (variable DREAC in Block 13
data). The input for reactor dynamics only requires the specification of the
desired number of terms and their initial values. To specify the equation that
defines the feedback terms requires the use of function-controlled variables.
Thus. all DREAC terms must be s~ecified as function-controlled variables.
Because function-controlled variables allow the analyst to specify input
variables via user-selected functions, the analyst is not locked into any
predefined equation for reactivity feedback. For example, a feedback term
could be defined as a fourth-order polynomial function of an average structure
temperature. Also, the requirement of using function-controlled variables to
define feedback reactivity terms is consistent with the explicit coupling of the
fluid mechanics, heat transfer, and reactor dynamics physics modules.
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2.4 Creating Function-Controlled Variables

A powerful feature of SAFSIM is the ability to specify many of the input
variables as functions of the output variables. This allows the user to define
input variables with a functional dependence of the form: y = x or y = f(x). y is
a function-controlled input variable, x is a signal-variable function, and f( ) is
a specified mathematical function. In the Block data input that follows in
Section 3.0, function and function-controlled variable input can be specified in
different Blocks depending on the order the analyst wants the function or
variable to be updated. For example, including a fluid mechanics variable in
the function-controlled variables for reactor dynamics data Block specifies that
the variable is to be updated after the reactor dynamics solution is updated.

Perhaps the best way to explain the implementation of functions and
function-controlled variables is by example.

Examde 1: Specify the flow length (DX) of fluid mechanics element 7 of flow
network 1 to be a function of time as specified by a table lookup.

For this example, the function-controlled variable, DX, has an ID of 36 (from
Appendix A). The associated argument function number (IAFN) is arbitrarily
assigned the number 15. This number is used in specification of the function.
Thus, the function-controlled variable is defined by the following input
variables to be included in Function-Controlled Variable Data.

IFCVID=36 (horn Appendix A)
FCVNAME=’element 7 length, NW1’
IAFN=15
FCVM=l.O
Ll=l (the network number)
L2=7 (the element number)
L3 is not used
Next, the information to define the argument function (IAFN=15) is provided.
This information is included in the Function Data. The table lookup math-
ematical function has an ID of 114 (from Appendix B).

IFN=15 (referenced by the function-controlled variable IAFN number)
IFID=l 14 (fi-om Appendix B)
FNAME=’DX vs. time table’
FM=l .0
FVALUE=O.1
Supplemental variables:

number of data pairs=5
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argument IFN=20 (to be specified by a separate function)
data pairs (used to specify the table entries):
0.0, 0.1, 1.0, 0.11,
2.0, 0.115, 3.0, 0.12,
5.0, 0.125

Now it is necessary to define function 20, the argument function for the table
lookup. This function is a signal-variable function as opposed to a math-
ematical function.

IFN=20 (referenced by the function argument IFN number)
IFID=l (from Appendix B)
FNAME=’Froblem Time’
FM=l.O
FVALUE=O.O
No supplemental variables are required for this function.

Because functions are updated in the order they are listed in the input file,
function IFN=20 should be listed before function IFN=15 so that the current
time is used in the table lookup.

Exam~le 2: Specify the second differential reactivity feedback (DREAC) term
such that DREAC=2.5E-6”AT. T is the average temperature of heat transfer
structures 2 and 3, which each contains 3 elements.

For this example, the function-controlled variable, DREAC, has an ID of 98
(from Appendix A). The associated argument function number (IAFN) is
arbitrarily assigned the number 25. This number is used in specification of the
function. Thus, the function-controlled variable is defined by the following
input variables to be included in Function-Controlled Variable Data.

IFCVID=98 (from Appendix A)
FCVNAME=’moderator feedback’
IAFN=-25
FCVM=2.5E-6
Ll=l (the reactor number)
L2=2 (the feedback term number)
L3 is not used

Next, the information to define the argument function (IAFN=25) is provided.
This information is included in the Function Data. The function ID of 122
(horn Appendix B) defines the mathematical function for averaging heat
transfer structure temperatures. Note that the IAFN number for the function-
controlled variable is specified as a negative number. This indicates that the

page 15



change in the argument function (new-time value minus the old-time value) is
to be used.

IFN=25 (referenced by the function-controlled variable IAFN number)
IFID=122 (fkom Appendix B)
FNAME=’average moderator temperature’
FM=l.o
FVALUE=300.O
Supplemental variables:

number of heat transfer structure elements=6
(structure number, element number, weighting factor) for each element:

2, 1, 1.0,
2, 2, 1.0,
2, 3, 1.0,
3, 1, 1.0,
3, 2, 1.0,
3, 3, 1.0

Examde 3: Specify the second differential reactivity feedback (DREAC) term
such that DREAC=(4.2E-7/l’)”AT. T is the average temperature of heat transfer
structures 2 and 3, which each contain 3 elements. This is similar to example
2 except the constant multiplying AT has been replaced by a constant divided
by T. This example is explained using standard mathematical nomenclature.

The basic form of the desired functional relationship can be expressed as
y=fl{fz[f~(x)],Af~(x)}, where y is the function-controlled variable (DREAC) and
fl{ } is the multiplication mathematical function (IFID=133 from Appendix B).
This function has two argument functions: fz[ ] and fo( ). fz[ ] is the first
argument function and is defined as the inverse mathematical function
(IFID=137); this function is to include a multiplier of 4.2E-7. NJ ) is the
second argument function and is defined as an averaged temperature math-
ematical function (IFID=122, as in example 2). A A sign preceding the function
indicates that the change in the function is to be used; this is specified in the
input by including a minus sign in front of the argument function ID number.
This function requires supplemental argument variables specifying the
structure and element numbers to include in the averaging process. These
arguments are represented by the variable x. fz[ ] requires one argument
function: fo( ). In summary, fJx) is the average temperature, T; A&(x) is the
change in the average temperature, AT; fz[f~(x)] is the inverse of fJx), l/I’,
multiplied by 4.2E-7; and fl{ } is the function that multiplies 4.2E-7/l’ by AT.
Although this example is somewhat complicated, it demonstrates the extensive
flexibility available to the analyst via the input file.
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3.0 Input Data Blocks

The SAFSIM input file is divided into eighteen data Blocks. The variables
required for each of these Blocks are presented line by line in this section.

Each line to be entered is numbered and marked with a % symbol. Special

notes pertaining to data Blocks and lines are marked with a ~ symbol.
Comment lines can be added anywhere within the input file as desired.
Comment lines are indicated by an upper- or lower-case c or by an asterisk (~)
in the m column. The liberal use of comment lines is encouraged, especially
for complex systems.

All input variables are read in free format and therefore are independent of
column location in the data line. Variables can be separated by either blank
space or by a comma. Comma delimitxx-s are recommended because they serve
as a field place holder for each of the variables entered on the data line. Any
variable that is not entered is read in as a null field. Thus, default values are
not overwritten by the read statement. Commas can be used to mark the null
fields. Thus, if a line calls for three variables, entering ,,, indicates that the
default values for all three variables are to be used. If a comma is omitted, the
last variable is read horn the next data line containing an entry. If desired,
each of the three variables can be entered on a separate data line.

All non-character input variables are defined according to the FORTRAN
implicit types. Thus, variables beginning with the letters I, J, K, L, M, and N
are defined as integer variables and variables beginning with one of the other
letters (A - H, and O - Z) are defined as real (floating point) variables. Some of
the variables are read in as character data as indicated by their descriptwn on
the following pages. These character variables must be enclosed by apos-
trophes; for example ‘NAME’. Do not include apostrophes embedded within
these character variables. One exception exists with regard to enclosing
apostrophes: the END variable at the end of each data Block. This character
variable must @. include enclosing apostrophes.

SAFSIM employs SI/mKs units for all variables. The required unit for each
variable is provided at the end of the variable description. The following table
provides frequently used conversion factors for quick reference.
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Table of Conversion Factors

Quant itv Given in Multiplied by Gives
length ft 0.3048 m

.
0.0254 m

area ;2 0.092903 m2

in2 6.4516E-4 m2

volume ft3 0.028317 m3

in3 1.6387E-5 m3

U. S.gal 3.7854E-3 m3

velocity ~min 0.00508 m/s
mass lb~ 0.45359 kg

ton (2000 lb.) 907.18 kg
mass flow rate lbm 1.260E-4 kg/s

lbtis 0.4536 kg/s
lbdmin 0.00756 kg/s

power Btu/h 0.2931 W (J/s)
kcal/h 1.163 w

1

ft”lb~s 1.3558 w
hp 735.5 w

heat flux Btu/hftz 3.1546 W/m2
kcal/s”cmz 41.868 W/m2

heat transfer Btu/hftz “F 5.6784 W/mz”K
coefficient

II kcal/s.cm2 “C 41.868 W/mz-K

1 pressure lb&z 47.9 Pa
lbfinz (psi) 6894.8 Pa

bar 1.0E5 Pa
atm 1.01325E5 Pa

thermal Btu/ft”h “F 1.7308 W/rnK
conductivity y

kcal/rnh “C 1.163 W/rnK

1 density lb~fts 16.0185 kg/ins
lb@. S.gal 119.7 k~ms

specific heat Btu/lb. “F 4186.8 J/kgK

kcal/kg “C 4186.8 J/kgK

dynamic viscosity P (poise) 0.1 Pas
lb~ft”h 4.134E-4 Pas
lb~ft”s 1.4482 Pas

temperature “F T (K) = [T (“F)+ 459.67~1.8
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Block 1, Execution Data

%linek TITLE1

Variable Description

TITLE1 any descriptive title of up to 126 characters may be entered;
enclosing apostrophes required; do not embed apostrophes
within the variable; default: ‘PROGRAM SAFSIM: Systems
Analysis’; units: none

%line2: TITLE2

Variable Description

TITLE2 any descriptive title of up to 126 characters may be entered;
enclosing apostrophes required; do not embed apostrophes
within the variable; default: ‘FLUID MECHANICS, HEAT
TRANSFER, REACWOR DYNAMICS’; units: none

%Jine3: RESTART, MAXSS,AERRTW,RERRTW,REIAXTW

Variable

RESTART

MAXSS

AERRTW

RERRTW

RELAXTW

Descrdion

restart flag, enter ‘on’ or ‘off; enclosing apostrophes required;
default: ‘off’; units: none; (not yet functional)

the maximum number of steady-state iterations for wall
temperature allowed; if MAXSS=O, the steady-state option is
bypassed; default: 250; units: none

the desired absolute error for steady-state wall temperature
iterations; default: 0.25; units: K

the desired relative error for steady-state wall temperature
iterations; this criteria is used only if the absolute convergence
criteria (AERRTW) is not satisfied; default: 2.5E-4; units:
none

the relaxation parameter used for steady-state wall tem-
perature iterations; default: 1.7; units: none

Block 1-- page 19



%line4: TSTART, TEND, ISTART, TIMESTEP

Variable Description

TSTART the problem start time; default: 0.0; units: s

TEND the problem end time; default: 1.0; units: s

ISTART the problem start time step number; default: O; units: none;

TIMESTEP the problem time step for the system; seperate sub-time steps
will also be set for each fluid network, heat transfer structure,
and nuclear reactor; default: O.1; units: s

%aline5: PRNTINT, NPLT, NDUMP

Variable

PRNTINT

NPLT

NDUMP

Description

the problem print interval for the system; printed output is
generated every PRNTINT seconds for all flow networks, heat
transfer structures, nuclear reactors, and function-controlled
variables; default: 1.0; units: s

the problem plot frequency for the system; unformatted output
for all flow networks, heat transfer structures, nuclear
reactors, and function-controlled variables is written to the
respective plot files every NPLT system time steps; default:
25; units: none

the problem dump frequency for the system; unformatted
output is written to the dump file every NDUMP system time
steps; default; 100; units: none; (not yet functional)

%line6: AGRAV, FLOED, TURLAM, SPEEDCO, THD

Variable Description

AGRAV the acceleration due to gravity; default: 9.80665; units: m/sz

FLOED the default finite element flow rate; finite elements with the
variable FLOES left blank default to the value of FLOED; de-
fault: 1.OE-10; units: s
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TURLAM

SPEEDCO

THD

the Reynolds number at which transition fkom Iaminar to tur-
bulent flow occurs for friction factor calculations; default:
3000.0; units: none

the fractional cutoff speed (operational/.rated) below which
compressor finite elements are assumed not to be operating;
default: 0.05; units: none

the default value for the initial node temperatures for all heat
transfer structures; default: 300.0; units: K

%line7: PMCORR

Variable Description

PMCORR the correlation to be used for determining the friction factor
for porous media finite elements; choices are ‘ACHENBACH’,
‘ERGUN’, and ‘BEEK’; if any other name is entered, the user
must enter five constants on line 8 to define the correlation;
maximum of 9 characters allowed; enclosing apostrophes re-
quired; default: ‘ACHENBACH’, units: none

%line8: PMC1, PMC2, PMC3, PMC4, PMC5

s en~r this line only if a porous media correlation other than one of the

PMCORR choices is selected; the form of the correlation: friction factor =
(1-e)/c3.(PMC2.(( 1-eYR.e)PMc4 + PMC3”((l-G~)pMc5 + PMC1); c is the
porosity and Re is the Reynolds number based on the superficial velocity
and the particle diameter; the default values correspond to the
‘ACHENBACH’ correlation

Variable Description

PMC1 first constant for defining a porous media friction factor corre-
lation; default: 1.75; units: none

PMC2 second constant for defining a porous media friction factor cor-
relation; default: 320.0; units: none

PMC3 third constant for defining a porous media fi-iction factor
correlation; default: 20.0; units: none

PMC4 fourth constant for defining a porous media friction factor cor-
relation; default: 1.0; units: none
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PMC5 fifth constant for defining a porous media friction factor corre-
lation; default: 0.4; units: none

%line9: NUMNW

Variable Descrdwn

NUMNW the total number of independent flow networks for this prob-
lem; default: 1; units: none

= repeat lines 10 though 16 for each independent flow network

‘% JinelO: NW, MEE, ISKIPCD, NWNAME

Variable

NW

MEE

ISKIPCD

NWNAME

Description

the identification number of the flow network for which the
data in lines 10 through 16 applies; the networks must be
numbered sequentially starting horn 1 but can be listed con-
sequentially in the input file if desired; NW must be less than
or equal to NUMNW; default: none; units: none

an on/off switch for the mechanical energy equation solution;
if MEE = 1, the mechanical energy equation is solved; if MEE
= O, the mechanical energy equation is bypassed; default: 1;
units: none

an o~off switch for the use of Cholesky decomposition for the
solution of the mechanical energy equation; if ISKIPCD = 1,
Cholesky is skipped; if ISKIPCD = O, Cholesky is not skipped;
Cholesky should be skipped if the pressure coefficient matrix
is not positive definite; default: O; units: none

any descriptive name of up to 24 characters to identify the
flow network in the output files; enclosing apostrophes re-
quired; default: ‘FLUID MECHANICS NETWORK’; units: ~
none

%linelk DTFM, NPRNTF, IDYNFM

Variuble Desmi~tion

DTFM the desired time step far the fluid mechanics solution; each
network can have a different time step; DTFM is prevented
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from exceeding the current system time step; default: 3.OE-3;
units: s

NPRNTF the print frequency for this network; fluid mechanics output is
written to the output file every NPRNTF fluid mechanics time
steps; this output is in addition to that generated every
PRNTINT seconds as specified in Block 1 data; default: 10000;
units: none

IDYNFM an otioff switch for the dynamic (unsteady-state) terms in the
fluid mechanics equations (time derivatives of temperature,
mass flow rate, and density); if IDYNFM = 1, the dynamic
terms are included; if IDYNFM = O, the dynamic terms are not
included; default: O; units: none; (only the static option is
currently available)

@Jine12: MAXIP, MAXIM, MAXID, MAXIT, MAXIC, MAXIX

Variable

MAXIP

MAXIM

MAXID

MAXIT

MAXIC

Desckwtion

the maximum number of iterations allowed for solution of the
nodal pressure equations using Gauss-Seidel iteration; if this
number is exceeded, Cholesky decomposition or Gauss elimi-
nation is used; if MAXIP = O, Gauss-Seidel iteration is
skipped; default: 10, units: none

the maximum number of fixed-point iterations allowed for
solution of the element mass flow rate field; if this number is
exceeded, an error message is issued and execution ends; de-
fault: 50; units: none

the maximum number of fixed-point i~rations allowed for
solution of the element density field via the equation of state;
this iteration couples the mechanical and thermal energy
equations; if this number is exceeded, an error message is
issued and execution ends; default: 50; units: none

the maximum number of iterations allowed for solution of the
nodal temperature equations using Gauss-Seidel iteration; if
this number is exceeded, Gauss elimination is used; if MAXIT
= O, Gauss-Seidel iteration is skipped; default: 5, units: none

the maximum number of fixed-point iterations allowed for
solution of the element temperature field; this iteration up-
dates the element specific heat values based on the calculated
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node temperatures; if this number is exceeded, an error mes-
sage is issued and execution ends; default: 5; units: none

MAXIX the maximum number of Gauss-Seidel iterations allowed for
solution of the nodal mass fraction equations for each gas of a
multiple gas network; if this number is exceeded, Gauss elimi-
nation is used; if MAXIX = O, Gauss-Seidel iteration is
skipped; default: 10; units: none

%line13: DRERRP, DRERRM, DRERRD

Variuble Description

DRERRP the desired relative error for solution of the nodal pressure
equations using Gauss- Seidel iteration; default: 1.OE-9; units:
none

DRERRM the desired relative error for solution of the element mass flow
rate field; default: 1.OE-4; units: none

DRERRD the desired relative error for solution of the element fluid den-
sity field; default: 1.OE-3; units: none

‘%1ine14: DRERRT, DRERRC, DRERRX

Variabk Descri~tion

DRERRT the desired relative error for solution of the nodal temperature
equations using Gauss-S eidel iteration; default: 1.OE-4; units:
none

DRERRC the desired relative error for solution of the element tempera-
ture field; default: 1.OE-3; units: none

DRERRX the desired relative error for solution of the nodal temperature
equations using Gauss -Seidel iteration; default: 1.OE-3; units:
none

%linelij: RELAXP, RELAXM, RELAXD

Variable Descriwtwn

RELAXP the relaxation parameter used in the Gauss-Seidel iterative
solution for nodal pressure; RELAXP must be greater than 0.0
and less than or equal to 2.0; default: 1.1; units: none
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RELAXM the relaxation parameter used in the fixed-point iterative
solution for the element mass flow rate field; RELAXM must
be greater than 0.0 and less than or equal to 2.0; default: 1.2;
units: none

RELAXD the relaxation parameter used in the fixed-point iterative
solution for the element fluid density field; RELAXD must be
greater than 0.0 and less than or equal to 2.0; default: 1.0;
units: none

%line16: RELAXT, RELAXC, RELAXX

Variable Description

RELAXT the relaxation parameter used in the Gauss-Seidel iterative
solution for nodal temperature; RELAXT must be greater than
0.0 and less than or equal to 2.0; default: 1.0; units: none

RELAXC the relaxation parameter used in the fixed-point iterative
solution for the element temperature field; RELAXC must be
greater than 0.0 and less than or equal to 2.0; default: 1.0;
units: none

RELAXX the relaxation parameter used in the Gauss-Seidel iterative
solution for the nodal mass ffaction equations; RELAXX must
be greater than 0.0 and less than or equal to 2.0; default: 1.0;
units: none

~ the relaxation parameter is defined such that for any variable v, an up-
dated value is calculated as: v = RELAXwi + (1. O-RELAX)”vi-l; i is the
current iteration number; use overrelaxation (RELAX greater than 1.0)
only for an already convergent equation set, and use underrelaxation
(RELAX less than 1.0) for an oscillating equation set; use RELAX= 1.0 as a
conservative value that may not be optimum with respect to minimizing
iterations, but usually results in convergence

%line17: END

Variabh Description

END this line must contain the character variable END in the first
three columns to indicate the end of Block 1 data; do not
include enclosing apostrophes
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Block 2, Fluid Equation of State and Property Data
I 1

= repeat line 18 for each independent flow network

%line18: NW, NGAS, GAS(igas=l,NGAS)

Variuble

NW

NGAS

GAS

Description

the identification number of the network for which the data in
line 18 applies; NW must be less than or equal to NUMNW;
the NW values can be listed in any order; default: none; units:
none

the number of fluids in independent flow network NW; NGAS
must be set to 1 if the fluid is to be specified as a liquid (see
variable RGAS); default: 1; units; none

the name of the gas (or liquid), for each of the NGAS fluids;
any name of up to 15 characters may be specified; igas is the
gas constituent number; the properties are specified on the
following data lines; enclosing apostrophes required; default:
none, units: none

= repeat lines 19 though 25 for each gas (or liquid) to be included in Block 2
data; the first gas listed is idgas=l,... ; idgas is used in the specification of
functions and function-controlled variables; property data can be included
but not referenced if desired

@&line19: GAS, IEOSO, RGAS, DENC(k=l,3)

Variable Description

GAS the name of the gas (or liquid); any name of up to 15
characters may be specified; this name must match exactly
with one of the names specified on the previous line(s);
enclosing apostrophes required; default: ‘HYDROGEN’, units:
none

IEOSO the equation of state option for determing the density for this
fluid; three options are available: 1-- ideal gas law, 2-- second
order polynomial function of temperature (useful for in-
compressible liquids), and 3 -- user-specified (the user must
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modify Functions UEOS, UCP, UCV, UCOND, and UVIS);
default: 1; units: none

RGAS the gas constant to be used in an ideal gas equation of state
for density (IEOSO = 1); if IEOSO equals 2 (liquid equation of
state, only one liquid per network allowed), RGAS is the bulk
compressibility modulus and 3 values for variable DENC are
required to define the equation of state; if IEOSO equals 3,
RGAS should represent an approximate gas constant to be
used for speed of sound and multiple gas mixing calculations;
default: 4124.18 (corresponding to hydrogen); units: J~gK

DENC the 3 constants required to specify density as a function of
temperature using a second order polynomial for simulating a
liquid equation of state; required only if IEOSO equals 2; the
form of the equation for liquid density: density = DENC1 +
DENC2”T + DENC3”!P ; default: none: density units: kg/me,
temperature units: K

w include the next six lines only if IEOSO=l or 2; for IEOSO=3 (user-specified
equation of state), the user must supply fluid properties via FORTRAN
Functions UCP, UCV, UCOND, and UVIS; the default values for the
constants correspond to hydrogen and are valid only for the temperature
range from 273 K to 1800 K

%line20: VISM, NTRV, TRV(k=l,NTRV+l)

Variable Descri~tion

VISM the viscosity multiplier for all temperature ranges; defaulk
1.0; units: none

NTRV the number of temperature ranges for which viscosity con-
stants are to be specified; default: 1, units: none

TRV the temperature range values for viscosity evaluation; enter
the minimum temperature first ~RVl, TRV2, ....
TRV(NTRV+l)]; default: none; units: K

@ repeat line 21 for each temperature range as specified by NTRV; viscosity
can be specified using the Sutherland law or power law equations;
Sutherland law: p = VISM”(VOV”(T/TOV) ls”((TOV+SN~(T+SNV)))
power law: p = VISM”(VOV<TZt’OV)sNv); temperature units: K
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‘%line2k VOV, TOV, SNV, LAW

Variable Description

Vov viscosity function constant; default: 8.41 lE-6; units: Pans

mv viscosity function constant; default: 273. 111; units: K

SNV viscosity function constant: default: 0.68; units: none

LAw the law to use b specify viscosity; either ‘SUTHERLAND’ or
‘POWER’; enclosing apostrophes required; default: ‘POWER’,
units: none

%line22: CPM, NTRC, TRC(k=l,NTRC+l)

Variuble Description

CPM the constant pressure specific heat multiplier for all tempera-
ture ranges; default: 1.0; units: none

NTRC the number of temperature ranges for which specific heat con-
stants are to be specified; default: 1, units: none

TRc the temperature range values for specific heat evaluation; en-
ter the minimum temperature first ~RCl, TRC2, ....
TRC(NTRC+l)]; default: none; units: K

= repeat line 23 for each ~mperature range as specified by NTRC; specific

heat is specified as a third order polynomial: CP= ACP + BCP”T + CCP”lV +
DCP”V; specific heat units: J/kPK; temperature units: K

%line23: ACP, BCP, CCP, DCP

Variable Descr@tion

ACP specific heat function constant; default: 14439.5

BCP specific heat function constant; default: -0.9504

CCP specific heat function constant: default: 1.9856E-3

DCP specific heat function constant: defaulti -4.3175E-7
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%.line24: CONDM, NTRK, TRK(k=l,NTRK+l)

Variable Descrivtim

CONDM the conductivity multiplier for all temperature ranges; default:
1.0; units: none

the number of temperature ranges for which conductivity con-
stants are to be specified; default: 1, units: none

the temperature range values for conductivity evaluation;
enter the minimum temperature first ml, TRK2, ....
TRK(NTRK+l)]; default: none; units: K

~ repeat line 25 for each temperature range as specified by NTRK; con-
ductivity is specified as a third order polynomial: k = ACOND + BCOND”T
+ CCOND.V + DCOND.m; conductivity units: W/rnK; temperature units: K

‘@dine% ACOND, BCOND, CCOND, DCOND

Variable Descridwn

ACOND conductivity function constant; default: 8.099E-3

BCOND conductivity function constant; default: 6.689E-4

CCOND conductivity function constant: default: -4.158E-7

DCOND conductivity function constant: default: 1.562-10

%line26: END

Variuble Description

END this line must contain the character variable END in the first
three columns to indicate the end of Block 2 data; do not
include enclosing apostrophes
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Block 3, Fluid Mechanics Finite Element Data

I~ reDeat lines 27 through 36 for each independent flow network I

l= re~eat l~es 27 though 35 for each su~er element of the network I

%line27: JES, NIS, N2S, NE

Variable Description

JES the super element identification (ID) number; super elements
can be listed in any order but must be sequentially numbered
for each network, starting with 1; default: none; units; none

NIS

N2S

the global super node ID number for the first local node of the
super element; flow from local node 1 to local node 2 is defined
to be the positive direction; default: none; units: none

the global super node ID number for the second local node of
the super element; flow from local node 1 to local node 2 is
defined to be the positive direction; default: none; units: none

the number of elements in this super element; default: none;
units: none

l= repeat lines 28 through 34 for each NE elements in this super element I

%line28: JE, NAME, Nl, N2

Variuble DescriDtwn

JE the element ID number; the elements must be listed in the or-
der that they are connected to form the super element; ele-
ments must be sequentially numbered for each network, start-
ing with 1; default: none; units: none

NAME any descriptive name of 10 characters or less to identify the fi-
nite element in the output files; enclosing apostrophes re-
quired; the first character of NAME is used to specify special
purpose elements; three special purpose elements currently
exist, their first-character symbol identifiers are (1) < or > for
a nozzle element, (2) @ or & for a compressor element, and (3)
( or ) for a distributed flow manifold element; for example:
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N1

enter ‘>Nozzle 1’ to specify a choked flow boundary (nozzle)
element with the name Nozzle 1; a nozzle element must
terminate a flow network with a boundary condition specified
at N2, and nozzle elements cannot be used if the network fluid
is a liquid; the last character of the variable NAME can be
used to mark any element as a distributed flow manifold
terminator element; thus, including the symbol [ or ] as the
tenth character of NAME indicates that the element is a
distributed flow manifold terminator element (all elements
connected to a manifold element, except other manifold
elements, are assumed to be manifold feed lines unless desig-
nated as a terminator element); default: ‘PIPE’; units: none

the global node ID number for the first local node of the
element; positive flow is defined as flow from local node 1 to
local node 2; default: none; units: none

N2 the global node ID number for the second local node of the
element; positive flow is defined as flow from local node 1 to
local node 2; default: none; units: none

‘%line29: DX, ED, DZ, POR

Variable DescriKItion

DX the flow length of the fluid mechanics finite element; DX is
used in the element pressure drop calculation, and in the fluid
conduction calculation; default: none; units: m

ED

DZ

POR

the equivalent diameter for the finite element; ED is used in
the element pressure drop calculation; ED is typically a hy-
draulic diameter with corrections applied for irregular cross
sections; for porous media finite elements (see POR), ED is an
effective particle diameter of the porous media; default: none;
units: m

the change in elevation from local node 2 to local node 1 (z2 -
z1); used in the element pressure drop calculation; default:
0.0; units: m

the element porosity for porous media flow; entering a value of
POR less than 1.0 flags this element as a porous media ele-
ment for which pressure drop is calculated based on the fric-
tion factor correlation defined by PMCORR in Block 1 data;
default: 1.0; units: none
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@dine30: FAl, FA2, FAE, VOL

Variable Description

FA1 the flow area at local node 1 of the finite element; used in the
calculation of the dynamic (velocity) pressure in the momen-
tum equation; for porous media elements, enter the superficial
area (the flow area if no porous media were present); default:
(7c/4).ED2;units: m2

FA2 the flow area at local node 2 of the finite element; used in the
calculation of the dynamic (velocity) pressure in the momen-
tum equation; for porous media elements, enter the superficial
area (the flow area if no porous media were present); default:
FA1; units: mz

FAE the flow area for the finite element; used in the element pres-
sure drop calculation and the fluid conduction calculation; for
porous media elements, enter the superficial area (the flow
area if no porous media were present); default: (FAl + FA2~
or VOI_/(DXOPOR) if a value for VOL is entered; units: m2

VOL the volume of the finite element available for fluid; used in the
system pressure calculation for static, closed loop networks,
and in the dynamic terms of the fluid thermal energy equation
and mechanical energy equation if activated (see variable
IDYNFM in Block 1 data); if a value for VOL is entered, FAE
will be recalculated as VOI-J(DX”POR); default: FAEoDX”POR;
units: m3

%line31: RELRUF, AK12, AK21, ALOD, IALOD, COSA

Vari.uble Description

RELRUF the relative roughness of the finite element surface; relative
roughness is defined as the absolute roughness divided by the
equivalent diameter (ED); used in the friction factor calcula-
tion; if RELRUF = 0.0, a smooth surface is assumed; RELRUF
is not used for porous media elements, leave field blank;
default: 0.0; units: none

AK12 the added loss coefficient (sometimes referred to as a form loss
coefficient or as a K factor) for flow from local node 1 to local
node 2 (defined as the positive flow direction); if the element is
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AK21

ALOD

IALOD

specified as a nozzle, AK12 is interpreted as a nozzle
discharge coefficient; loss coefficients are typically used to
account for the pressure losses associated with sudden
expansions or contractions; loss coefficients are based on the
node fluid velocity at the smallest flow area (FA1 or FA2);
default: 0.0 for uniform area elements (FA1=FA2=FAE) and
for porous media elements (POR<l.O); 0.98 for nozzle ele-
ments; for elements with gradual and abrupt area changes
(expansions and contractions), AK12 is automatically deter-
mined based on the values of FA1, FA2, FAE, and DX; units:
none

the added loss coefficient (sometimes referred to as a form loss
coefficient or as a K factor) for flow from local node 2 to local
node 1 (defined as the negative flow direction); if the element
is specified as a nozzle, AK21 is interpreted as a nozzle
discharge coefficient; loss coefficients are typically used to
account for the pressure losses associated with sudden
expansions or contractions; loss coefficients are based on the
node fluid velocity at the smallest flow area (FA1 or FA2);
default: 0.0 for uniform area elements (FA1=FA2=FAE) and
for porous media elements (POR<l.O); 0.98 for nozzle ele-
ments; for elements with gradual and abrupt area changes
(expansions and contractions), AK12 is automatically deter-
mined based on the values of FA1, FA2, FAE, and DX; units:
none

an equivalent I@ to be added to the actual value of I-/D
(D~D) for the calculation of element pressure drop; ALOD is
typically used to account for pressure losses associated with
pipe bends or valve gates; ALOD is based on the element
velocity; default: 0.0; units: none

this variable is required only for distributed flow manifold
elements (see NAME); IALOD is the option number for
automatic determination of ALOD for distributed flow man-
ifold elements; SAFS IM will calculate an effective value of
ALOD each iteration based on the current flow conditions to
account for turning losses, etc.; options: O -- none; 1 --
blowing/sucking (transpiration flow); 2 -- Tee, requires two
distributed flow manifold elements in series and specification
of the variable COSA; 3 -- user-specified option 1 (currently
not available); default: 1; units: none
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COSA the cosine of the angle between the main header and the feed
line (measured clockwise from horizontal; thus, for an angle of
45°, COSA = 0.7071) for use with distributed flow manifold
elements with the Tee option (IA.LOD = 2); COSA not required
for other elements; default: 0.0; units: none

%line32: QDIR

Variable Description

QDIR the power added directly to the fluid; used to account for heat
deposition in the fluid due to such sources as chemical reac-
tions or nuclear heating; default: none; units: W (J/s)

~ the next two lines must be included if the element is specified as a com-
m-essor element (see NAME): otherwise. ski~ these two lines

@Jine33: RSPEED, SPEED

Variable Descriwt ion

RSPEED the compressors’ rated speed; default: none; units:
revolutions

SPEED the fractional operating speed of the compressor defined as the
actual speed divided by the rated speed; default: 1.0; units:
none

%line34: NPNTS, (CFLO, CDP)(k=l,NPNTS)

Variable Description

NPNTS the number of data points in the compressor characteristic
curve; this curve specifies the compressor performance as a
table of pressure rise (CDP) versus mass flow rate (CFLO) at
the compressors’ rated speed; adjustments are automatically
made to this curve for operational speeds different horn the
rated speed using the standard pump similarity laws; linear
interpolation is used in the table; default: none; units: none

CFLO compressor mass flow rate table entry; the independent vari-
able for the compressor characteristic curve defined as a table
of pressure rise versus mass flow rate values; data for the
table is entered as NPNTS (CFLO, CDP) pairs; default: none;
units: kg/s
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CDP compressor pressure rise table entry; the dependent variable
for the compressor characteristic curve defined as a table of
pressure rise versus mass flow rate values; data for the table
is entered as NPNTS (CFLO, CDP) pairs; default: none; units:
Pa

%line35: FLOES

Variable Descriwtwn

FLOES the initial value for the super element mass flow rate; default:
FLOED (as defined in Block 1 data); units: kg/s

%line36: END

Variable Descri~tion

END this line must contain the character variable END in the first
three columns to indicate the end of Block 3 data for each net-
work as specified by NUMNW in Block 1 data; do not include
enclosing apostrophes
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Block 4, Fluid Mechanics Node Initialization Data

w repeat lines 37 t~ou~h 39 for each independent flow network I

%line37: PRESND, TND, XMND(n=l~GAS)

Variable Description

PRESND the default
node value
used as the

the default
work; if a node value is not overwritten on the next line, TND
is used as the initial node temperature; default: none; units: K

pressure value for all nodes in the network; if a
is not overwritten on the next line, PRESND is
initial node pressure; default: none; units: Pa

fluid temperature value for all nodes in the net-

XMND the default mass fraction value for all nodes in the network for
each gas of the network (see NGAS in Block 2 data); if a node
value is not overwritten on the next line, XMND is used as
the initial node mass fraction; one value of XMND must be
entered for each gas of the network and the total of all XMND
values must equal 1.0; default: none; units: none

%line38: PTX, NID, VALUE(s)

= repeat line 38 for each pressure, temperature, or mass fraction value for
each node of the network to be overwritten

Variable Descri@ion

a character variable indicating if the node value to be over-
written is pressure (’P’), temperature (’T’), or mass fraction
(’X’); maximum of 8 characters allowed; only the first
character is used; enclosing apostrophes required; the default
values from the previous line are used if not overwritten on
this line; default: none; units: none

NID the global node identification (ID) number for which the FIX
value is to be overwritten; default: none; units: none

VALUE the value of the overwrite variable; if PI’X = ‘X’, then NGAS
values must be entered; default: none; units: Pa if IYI’X = ‘P’, K
if ITX = ‘T’, and none if 171’X= ‘X’
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%line39: END

Variable DescriDtwn

END this line must contain the character variable END in the first
three columns to indicate the end of Block 4 data for each net-
work as specified by NUMNVI in Block 1 data; do not include
enclosing apostrophes
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Block 5, Fluid Mechanics Boundary Condition
Identification Data:

w repeat lines 40 through 41 for each independent flow network I

I- reDeat line 4) for each su~er node with a s~ecified boundm condition I

%line40: BCKIND, IDS, IDSEJ!

Variable Descriwtwn

BCKIND a character variable that specifies the kind of boundary condi-
tion to be applied to super node IDS; maximum of 15 charac-
ters allowed; only the first character is used; enclosing
apostrophes required; choices are ‘PRESSURE’, ‘MASS FLOW
RATE’, and ‘CLOSED LOOP P; all networks must have at
least one pressure boundary condition; ‘CLOSED LOOP P’ is a
special pressure boundary condition used for flow networks
that represent a closed loop and are run in static mode (see
uariubk IDYNFM, line 11); only one ‘CLOSED LOOP P’
boundary condition allowed per network; default: none; units:
none

IDS the global super node identification (ID) number to which the
boundary condition is to apply; default: none; units: none

IDSET the boundary condition set ID number for this boundary node;
more than one boundary node can reference this set ID; any
number between 1 and 99999 is a valid set ID; boundary
condition values for all set IDs are defined in Block 6 data;
default: none; units: none

%line41: END

Variable Description

END this line must contain the character variable END in the first
three columns to indicate the end of Block 5 data for each net-
work as specified by NUMNW in Block 1 data; do not include
enclosing apostrophes
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Block 6, Fluid Mechanics Boundary Condition Set
Identification Data:

= repeat lines 42 through 43 for each independent flow network

w repeat line 42 for each set identification (ID) number; as many unique set
ID numbers can be entered as desired, even if not used; however, every set
ID number referenced in Block 5 data must have a corresponding set ID
number in this data Block

‘%line42: IDSIW, PMVALUE, TVALUE, XVALUE(n=l,NGAS),POT

Variable Description

IDSET the boundary condition set ID number; any number between 1
and 99999 is a valid set ID; default: none; units: none

PMVALUE the pressure or mass flow rate value associated with this set
ID; variable BCKIND in Block 5 data determines whether this
is a pressure or mass flow rate value; default: none; units: Pa
for pressure and kg/s for mass flow rate

TVALUE the temperature value associated with this set ID; all
boundary nodes must have an assigned TVALUE; setting
TVALUE less than or equal to zero implements a zero heat
flux boundary condition; this is useful for closed loop networks
which require a ‘CLOSED LOOP P’ boundary condition
applied at one super node, but in which a temperature bound-
ary is not required; zero heat flux conditions can also be used
for outflow boundaries where calculation of the exiting fluid
temperature is desired; default: none; units: K

XVALUE the mass fraction value associated with this set ID; all bound-
ary nodes must have an assigned XVALUE; this value is used
only if flow is into the adj scent element(s); NGAS values of
XVALUE must be entered, one for each network gas defined
in Block data 2; the sum of the XVALUES must equal 1.0;
default: none; units: none

enter this variable only when a ‘CLOSED LOOP P’ boundary
condition has been specified in Block data 5; POT is the initial
value of pressure divided by temperature for closed loop
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networks; this value is used to adjust the network pressure
based on the ideal gas law and is needed only in static mode
(see uaricdde IDYNFM) in which the mass accumulation term
in the mass continuity equation is omitted; the value of POT
can also be determined as the gas constant times the initial
network density (because the global density remains constant
for a closed loop); default: PMVALU~ALUE; units: Pa/K

%line43: END

Variable Descr’ktkm

END this line must contain the character variable END in the first
three columns to indicate the end of Block 6 data for each net-
work as specified by NUMNW in Block 1 data; do not include
enclosing apostrophes
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Block 7, Function-Controlled Variable Data for
Fluid Mechanics:

~ repeat lines 44 through 45 for each function-controlled variable; this Block,
along with function data Blocks, allows the user to define input variables
with functional dependence of the form: y = x or y = f(x); y is a function-
controlled input variable, x is a signal-variable function, and f( ) is a
specified mathematical function; functions can be specified as functions of
other functions if desired; function-controlled variables are updated at each
system time step

%line44: IFCVID, FCVNAME, IAFN, FCVM

Variable Descridon

IFCVID the desired function-controlled variable identification (ID)
number; all function-controlled variable ID numbers are
provided in Appendix A; this ID specifies the input variable
that is to be functionally controlled; any variable in Appendix
A can be specified; including a variable in this data Block
designates that it is updated immediately after the fluid
mechanics solution is computed for all networks; function-con-
trolled variables are updated in the order they are listed in
the input file; default: none; units: none

FCVNAME any descriptive phrase of 28 characters or less to identify the
function-controlled variable in the output files; default: each
function-controlled variable has a unique default assigned to
it that is provided in Appendix A; units: none

the associated argument function number for this function-
controlled variable; any number between 1 and 9999 is a valid
argument function number; the value of IAFN must
correspond to an IFN value in the function data defined for
fluid mechanics, heat transfer, reactor dynamics, or the
system; a negative value of IAFN can be entered, indicating
the use of the change in the associated IFN function value as
the argument function; thus, y = X“’w-xoldor y = f(x”’w-xold), if
IAFN is entered as a negative number; xoldis the IFN function
value at the previous system time step; default: none; units:
none

IAFN
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FCVM a multiplier applied to the computed function-controlled vari-
able; default: 1.0; units: none

%line45: Ll, L2, L3

Variable Descriwtwn

L1 the first locator number to define the desired system location
of the function-controlled variable; the definition of L1
depends on the selected value of IFCVID and is provided in
Appendix A; example -- for function-controlled variable DX, L1
is defined as the associated network number, NW; default:
none; units: none

L2

L3

the second locator number to define the desired system
location of the function-controlled variable; the definition of
L2 depends on the selected value of IFCVID and is provided in
Appendix A; example -- for function-controlled variable DX, L2
is defined as the associated element number, JE; default:
none; units: none

the third locator number to define the desired system location
of the function-controlled variable; the definition of L3
depends on the selected value of IFCVID and is provided in
Appendix A; default: none; units: none

%line46: END

Variable Description

END this line must contain the character variable END in the first
three columns to indicate the end of Block 7 data; do not
include enclosing apostrophes
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Block 8, Function Data for Fluid Mechanics:

@ repeat line 47 and any associated supplemental line(s) for each function;
this Block, along with function-controlled variable data Blocks, allows the
user to define input variables with functional dependence of the form: y = x
or y = f(x); y is a function-controlled input variable, x is a signal-variable
function, and f( ) is a specified mathematical function; functions can be
specified as functions of other functions if desired; functions are updated at
each system time step

%Jine47: IFN, IFID, FNAME, FM, FVALUE

Variable

IFN

IFID

FNAME

FVALUE

Description

the user-specified function number; any number between 1
and 9999 is a valid function number; this number may be ref-
erenced in function-controlled varaible data by the IAFN
variable, or by function supplemental variubks (see the next
line); functions are updated in the order they are listed in the
input file, independent of the value of IFN; default: none;
units: none

the function identification (ID) number; all function ID num-
bers are provided in Appendix B; any function in Appen-
dix B can be specified; including a function in this data Block
designates that it is updated immediately after the fluid
mechanics solution is computed for all networks; available
functions include dependent output variables (signal-variable
functions) such as pressure. and temperature, and math-
ematical functions such as cosine and square root; math-
ematical functions require specification of associated arg-
ument function(s) on the following line; default: none; units:
none

any descriptive phrase of 28 characters or less to identify the
function in the output files; default: each function has a
unique default assigned to it that is provided in Appendix B;
units: none

a multiplier applied to the computed function; default: 1.0;
units: none

the initial value of the function; default: 0.0; units: none
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%Jine48: Supplemental variubks associated with the function

~ each function may require supplemental lines to fully specify the function;
Appendix B contains the supplemental uariabks required by each function;
care should be taken to ensure the proper supplemental uari.ubks are
entered in the correct order for each function

%line49: END

Variable Description

END this line must contain the character variable END in the first
three columns to indicate the end of Block 8 data; do not
include enclosing apostrophes
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Block 9, Structure Heat Transfer Material Property
Data

- repeat lines 50 through 60 for each structure material; the materials are
internally numbered sequentially, starting with 1 for the first material
listed; material property data can be included but not referenced if desired

%line50: MATNAME, DENHS

Variable Descriwtwn

MATNAME any descriptive name of 12 characters or less b identify the
material; this name is referenced by the conduction heat
transfer input in Block 10; enclosing apostrophes required;
default: none; units: none

DENHS the density of the material; default: none; units: k#m3

%line5k MSHTYPE, NP, SHM

Variable Description

MSHTYPE the material specific heat data entry type; five types are
available for entering material property data: 1 -- ntable (non-
uniform temperature data spacing), 2-- utable (uniform tem-
perature data spacing; this table is faster but requires the
temperature data entries to be uniformly spaced), 3 --
polynomial of order NP, 4 -- power law, and 5 -- constant;
linear interpolation is used for both tables; default: none;
units: none

NP if MSHTYPE = 1 or 2, NP is the number of data points in the
specific heat versus temperature table; if MSHTYPE =
is the polynomial order; NP is not used for MSHTYPE =
(leave field blank); default: none; units: none

SHM a multiplier applied to the specific heat; defaulk 1.0;
none

3, NP
4or5

units:

= en~r the nefi line only if MSH’I’YPE = 1 or 2 (non-uniform or uniform

linear interpolation tables)
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%line52: (T, SH)(k=l,NP)

Variuble Description

T temperature
specific heat

table entry; the independent variable for the
versus temperature table; data for the table is

SH

entered as NP (T, SH) pairs; default: none; units: K

specific heat table entry; the dependent variable for the
specific heat versus temperature table; data for the table is
entered as NP (T, SH) pairs; defaulti none; units: JfigK

~ enter the next line only if MSHTYPE = 3 (polynomial) I

%line53: SHC(k=l,NP+l)

Variable Description

SHC the NP+ 1 constants required to specify specific heat as a
function of temperature using an NP order polynomial; the
form of the polynomial: specific heat = SHC1 + SHC2.T +
SHC30T2 + ... ; default: none; specific heat units: J/kgK, tem-
perature units: K

@ enter the next line only if MSHTYPE = 4 (power law)

%line54: SHC(k=l,3)

Variuble Descrbtion

SHC the 3 constants required to specify specific heat as a power law
function of temperature; the form of the power law: specific
heat = SHCl”Ts~~cz + SHC3; default: none; specific heat units:
J/kg”K, temperature units: K

@ enter the next line only if MSHTYPE = 5 (constant) I

%line55: SH

Variable Description

SH the constant specific heat value; default: none; units: J/kgK
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%line56: MCDTYPE, NP, CDM

Variable Description

MCDTYPE the material conductivity data entry type; five types are
available for entering material property data: 1-- ntable (non-
uniform temperature data spacing), 2-- utable (uniform tem-
perature data spacing; this table is faster but requires the
temperature data entries to be uniformly spaced), 3 --
polynomial of order NP, 4 -- power law, and 5 -- constant;
linear interpolation is used for both tables; default: none;
units: none

if MCDTYPE = 1 or 2, NP is the number of data points in the
conductivity versus temperature table; if MCDTYPE = 3, NP
is the polynomial order; NP is not used for MCDTYPE = 4 or 5
(leave field blank); default: none; units: none

CDM a multiplier applied to the conductivity; default: 1.0; units:
none

* enter the next line only if MCDTYPE = 1 or 2 (non-uniform or uniform
linear interpolation tables)

%line57: (T, CD)(k=l,NP)

Variable Description

T temperature table entry; the independent variable for the
conductivity versus temperature table; data for the table is
entered as NP (T, CD) pairs; default: none; units: K

CD conductivity table entry; the dependent variable for the
conductivity versus temperature table; data for the table is
entered as NP (T, CD) pairs; default: none; units: W/rnK

- enter the next line only if MCDTYPE ‘ 3 (polynomial)

‘&Jine58: CDC(k=l,NP+l)

Variable Description

CDC the NP+ 1 constants required to specify conductivity as a
function of temperature using an NP order polynomial; the

Block 9-- page 47



form of the polynomial: conductivity = CDC1 + CDC2ST +
CDC3”~ + ... ; default: none; conductivity units: W/rnK, tem-
perature units: K

~ enter the next line only if MCDTYPE = 4 (power law)

%line59: CDC(k=l,3)

Variuble Descr’btwn

CDC the 3 constants required to specify conductivity as a power law
function of temperature; the form of the power law: con-
ductivity = CDC1-’lY~Z + CDC3; default: none; conductivity
units: W/rnK, temperature units: K

~ enter the next line only if MCDTYPE = 5 (constant) I

‘%line60: CD

Variuble

CD

%line6k END

Variable

END

Description

the constant conductivity value; default: none; units: W/rnK

Description

this line must contain the character variable END in the first
three columns to indicate the end of Block 9 data; do not
include enclosing apostrophes
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Block 10, Structure Heat Transfer Finite Element
and Node Data:

- repeat lines 62 through 84 for each heat transfer structure

%line62: KH, NAMEHS, COPIES, QPPPM, KHDYN

Variable

NAMEHS

COPIES

QPPPM

KHDYN

Descridicm

the heat transfer structure identification (ID) number;
structures must be numbered sequentially starting at 1, but
can be listed non-sequentially in the input file if desired;
default: none; units: none

any descriptive name of up to 24 characters to identify the
structure in the output files; enclosing apostrophes required;
default: ‘HEAT TRANSFER STRUCI’URE’; units: none

the number of copies of the structure that contribute heat to a
connectively coupled fluid mechanics finite element; this
serves as a multiplier on the heat transferred connectively (q);
thus, the total heat transferred to all coupled fluid mechanics
elements is determined as qCOPIES; this is useful if several
identical structures are coupled to the same fluid mechanics
element and conduction in only one of the structures is
modeled; default: 1.0; units: none

a multiplier applied to all of the element QPPPs (volumetric
heat generation rates entered on line72) for this structure;
default: 1.0; units: none, or the product of QPPPM and QPPP
must have units of W/ins

an on/off switch for the dynamic (unsteady-state) temperature
term; if KHDYN = 1, the dynamic term is included; if KHDYN
= O, the dynamic term is not included; default: 1; units: none

%Mine63: NEH, DTMINH, FETS, NPRNTH

Variable Descfiwtbn

NEH the number of finite elements in this structure; SAFSIM
internally numbers all elements consecutively, with element
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number 1 adj scent to end 1 and element number NEH
adj scent to end 2 of the structure; default: none; units: none

DTMINH the minimum-allowed desired time step for this structure; the
current value of the system time step is used as the maximum-
allowed structure time step; default: 0.001, units: s

FETS the fraction of the explicit time step limit for determining the
actual structure time step; an explicit time step limit is
determined at each time step iteration for each structure; this
limit would be the maximum-allowed time step, based on
stability requirements, if an explicit solution scheme were
employed; SAFSIM uses an adaptive semi-implicit solution
scheme that allows larger time steps, but the explicit time step
limit provides a reasonable time step estimate; this limit is
multiplied by FETS to obtain the actual time step; if desired,
FETS can be greater than 1.0, but the structure time step is
limited to the current value of the system time step; also,
FETS can equal 0.0 as long as DTMINH is greater than 0.0;
default: 0.5; units: none

NPRNTH the print frequency for this heat transfer structure; heat
transfer output is written to the output file every NPRNTH
heat transfer structure time steps; this output is in addition to
that generated every PRNTINT seconds as specified in Block 1
data; default: 10000; units: none

%line64: GEOM, DIM1, DIM2, DIM3, DIM4

Variuble Description

GEOM the heat transfer structure geometry descriptor; this activates
automatic calculation of the element geometry (conduction
areas and volumes) based on the values of DIM1, DIM2,
DIM3, and DIM4; the available choices are ‘CYLINDRICAL’,
‘SPHERICAL’, ‘RE~ANGULAR’, ‘LINEAR’, and ‘NONE’;
only the first character is used; enclosing apostrophes
required; ‘CYLINDRICAL’ provides calculation of element
area based on a log-mean average of the node areas;
‘SPHERICAL’ provides calculation of element area based on a
square root average of the node areas; ‘RE(Yl?ANGULAR’
provides calculation of element area based on a uniform area;
‘LINEAR’ provides calculation of element area based on linear
interpolation between the areas at the two ends of the
structure; ‘NONE’ indicates that no geometry is selected and

Block 10-- page 50



that all values of AREA and VOLH must be specified; default:
‘NONE’; units: none

DIM1 the first dimension required for use of the automatic element
geometry option as selected by GEOM; the interpretation of
DIM1 depends on GEOM and is provided in the following
table; default: provided in the following table; units: m, mz, or
radians depending on GEOM selection

DIM2 the second dimension required for use of the automatic ele-
ment geometry option as selected by GEOM; the
interpretation of DIM2 depends on GEOM and is provided in
the following table; defaulk provided in the following table;
units: m, mz, or radians depending on GEOM selection

DIM3 the third dimension required for use of the automatic element
geometry option as selected by GEOM; the interpretation of
DIM3 depends on GEOM and is provided in the following
table; default: 0.0 or none; units: m

DIM4 the fourth dimension required for use of the automatic
element geometry option as selected by GEOM; the
interpretation of DIM4 depends on GEOM and is provided in
the following table; default: none; units: m

Required Input for Automatic Geome try Options

GEOM DIM1 DIM2 DIM3 DIM4
‘CYLINDRICAL’ AO Height Inner Radius Outer Radius

default: 2X default: 1.0 default: 0.0 default: none

units: radian units: m units: m units: m

‘SPHERICAL’ AO A$ Inner Radius Outer Radius
default: 2X default: z defaulk 0.0 default: none

units: radian units: radian units: m units: m

‘RECTANGULAR’ Width Height endl position end2 position
defaulk none default: none default: 0.0 default: none

units: m units: m units: m units: m
‘LINEAR’ endl Area end2 Area endl position end2 position

default: none default: none default: 0.0 default: none
units: m2 units: m2 units: m units: m

‘NONE’ . endl position end2 position
not used not used default: 0.0 default: none

leave blank leave blank units: m units: m
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%line65: BCH1

Variabk DescriDtkm

BCH1 a character variable that specifies the kind of boundary condi-
tion to be applied to end 1 of the structure; only the first
character is used; enclosing apostrophes required; choices are
‘TEMpEm-’, ‘FLUX’, and ‘CONVECTION’; default:
‘FLUX’; units: none

LGE’enter the next line only if BCH1 = ‘TEMPERATURE’

%line66: TBCl

Variubk Desctipthn

TBCl the temperature boundary condition for end 1 of the structure;
default: none; units: K

I

%line67: FLUXBC1, AFLUXl

Variable Desctiptbn

FLUXBC1 the heat flux boundary condition for end 1 of the structure; a
positive value of FLUXBC1 indicates heat d of the structure;
default: 0.0; units: W/mz

AFLuxl the available heat flux surface area for end 1 of the structure;
default: calculated end 1 area based on GEOM selection;
units: m2

l= enter the next 3 lines only if BCH1 = ‘CONVECI’ION’ I

‘%line68: NHBC1

Variuble DesctiDtkm

NHBC1 the number of convective boundary conditions applied to end 1
of the structure; default: 1; units: none
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- repeat the next 2 lines for each ‘CONVECTION’ boundary condition for end
1 as specified by NHBC1

%line69: NWH1, JEHl

Variable Description

ml the ID number of the fluid mechanics network to which the
convective boundary at end 1 is coupled; default: none; units:
none

JEH1 the ID number of the fluid mechanics element of network
NWH1 to which the convective boundary at end 1 is coupled;
default: none; units: none

%line70: AEX, EDH, IHTCLAM, IHTCTUR, TURLAMH, A- AUXT

Variable

AEx

EDH

IHTCLAM

IHTCTUR

TURLAMH

AUXL

Description

the available surface area for the convection boundary condit-
ion at end 1; default: calculated end 1 area based on GEOM
selection; units: m2

the equivalent diameter for the end 1 boundary convection
heat transfer calculation; default: ED (from Block 3 data) for
the coupled fluid mechanics element, as specified by JEH1;
units: m

the ID number of the desired laminar flow heat transfer
coefficient correlatio~ all heat transfer coefficient correlation
ID numbers are provided in Appendix C; default: 2; units:
none

the ID number of the desired turbulent flow heat transfer
coefficient correlation; all heat transfer coefficient correlation
ID numbers are provided in Appendix C; default: 6; units:
none

the Reynolds number at which transition from laminar to tur-
bulent flow occurs for heat transfer coefficient calculations;
default: TURLAM (from Block 1 data); units: none

auxiliary data for the selected laminar flow heat transfer
coefficient correlation (IHTCLAM);
auxiliary data, such as an entrance

some correlations require
length; required auxiliary
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data for each correlation is provided in Appendix C; default:
1.0; units: dependent on selected correlation

AUXT auxiliary data for the selected turbulent flow heat transfer
coefficient correlation (IHTCTUR); some correlations require
auxiliary data, such as an entrance length; required auxiliary
data for each correlation is provided in Appendix C; defaulti
1.0; units: dependent on selected correlation

@ repeat l~es T 1 &-ough T’7 for each conduction finite element of this StrUC-

ture as specified by NEH; SAFSIM internally numbers elements con-
secutively, with element number 1 adj scent to end 1 and element number
NEH adjacent to end 2 of the structure

%line7k DXH, AREA, VOLH

Variable Description

DXH the conduction length of the finite element; default: uniform
element length based on (DIM4 - DIM3~EH; units: m

AREA the conduction cross-sectional area for the finite element;
default: based on GEOM selection; units: m2

VOLH the volume of the finite element; default: based on GEOM
selection; units: m3

%line72: MAT, QPPP

Variable Description

MAT a descriptive name of 12 characters or less to identify the
material for this element; this name must exactly match one of
the names provided in Block 9 material property data;
enclosing apostrophes required; default: none; units: none

QPPP the volumetric heat generation rate for this element; a positive
value of QPPP indicates heat added to the structure; default:
0.0; units: W/ins, or the product of QPPPM and QPPP must
have units of W/ins
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%line73: NFLUXA

Variable Description

NFLUXA the desired number of heat flux surfaces for this element;
default: O; units: none

~ repeat the nefi line for each heat flUX surface for this element as spectiled

by NFLUXA

%line74: ASURF, QPP

Variable Descrdion

ASURF the available area of the heat flux surface; default: none;
units: m2

QPP the heat flux value for the surface; a positive value of QPP
indicates heat ~ of the structure; default: none; units: W/mz

%line75: NEX

Variable Description

NEX the desired number of convective exchange surfaces for this
element; default: O; units: none

= repeat the ne~ z lfies for each convective exchange surface for this

element as sDecified bv NEX

%line76: NWHE, JEHE

Variable Description

NWHE the ID number of the fluid mechanics network to which the
convective exchange surface is coupled; default: none; units:
none

JEHE the ID number of the fluid mechanics element of network
NWHE to which the convective exchange surface is coupled;
default: none; units: none
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%line77: AEX, EDH, IHTCLAM, IHTCTUR, TURLAMH, AU~ AUXT

Variable

AEx

EDH

IHTCLAM

IHTCTUR

TURLAMH

AUXL

AUXT

Description

the available area for the convective exchange surface;
default: none; units: mz

the equivalent diameter for the convection heat transfer cal-
culation; default: ED (from Block 3 data) for the coupled fluid
mechanics element, as specified by JEHE; units: m

the ID number of the desired laminar flow heat transfer
coefficient correlation; all heat transfer coefficient correlation
ID numbers are provided in Appendix C; default: 2; units:
none

the ID number of the desired turbulent flow heat transfer
coefficient correlation; all heat transfer coefficient correlation
ID numbers are provided in Appendix C; default: 6; units:
none

the Reynolds number at which transition horn laminar to tur-
bulent flow occurs for heat transfer coefficient calculations;
default: TURLAM (from Block 1 data); units: none

auxiliary data for the selected laminar flow heat transfer
coefficient correlation (IHTCLAM); some correlations require
auxiliary data, such as an entrance length; required auxiliary
data for each correlation is provided in Appendix C; default:
1.0; units: dependent on selected correlation

auxiliary data for the selected turbulent flow heat transfer
coefficient correlation (IHTCTUR); some correlations require
auxiliary data, such as an entrance length; required auxiliary
data for each correlation is provided in Appendix C; defaulti
1.0; units: dependent on selected correlation

%line78: BCH2

Variable Description

BCH2 a character variable that specifies the kind of boundary condi-
tion to be applied to end 2 of the structure; only the first
character is used; enclosing apostrophes required; choices are
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‘TEMPERATURE’, ‘FLUX’, and ‘CONVECTION’; defaulti
‘FLUX’; units: none

~ enter the next line only if BCH2 = ‘TEMPERATURE’

%line79: TBC2

Variable Desctiwtbn

TBC2 the temperature boundary condition for end 2 of the structure;
default: none; units: K

I

@Mine80: FLUXBC2, AFLUX2

Variable Descriwtwn

FLUXBC2 the heat flux boundary condition for end 2 of the structure; a
positive value of FLUXBC2 indicates heat ~ of the structure;
default: 0.0; units: W/mz

AFLUX2 the available heat flux surface area for end 2 of the structure;
default: calculated end 1 area based on GEOM selection;
units: m2

I

‘%line8k NHBC2

Variable Desctiwt~n

NHBC2 the number of convective boundary conditions applied to end 2
of the structure; default: 1; units: none

- repeat the next 2 lines for each ‘CONVECI’ION’ boundary condition for end
2 as specified by NHBC2

Block 10-- page 57



%line82: NWH2, JEH2

Variable Descriwtkm

NWI-12 the ID number of the fluid mechanics network to which the
convective boundary at end 2 is coupled; default: none; units:
none

JEH2 the ID number of the fluid mechanics element of network
NWH2 to which the convective boundary at end 2 is coupled;
default: none; units: none

%Jine83: AEX, EDH, IHTCLAM, IHTCTUR, TURLAMH, A- AUXT

Variuble

AEx

EDH

IHTCIAM

IHTCTUR

AUXL

Description

the available surface area for the convection boundary condit-
ion at end 2; default: calculated end 2 area based on GEOM
selection; units: m2

the equivalent diameter for the end 2 boundary convection
heat transfer calculation; default: ED (from Block 3 data) for
the coupled fluid mechanics element, as specified by JEH2;
units: m

the ID number of the desired laminar flow heat Iransfer
coefficient correlation; all heat transfer coefficient correlation
ID numbers are provided in Appendix C; default: 2; units:
none

the ID number of the desired turbulent flow heat transfer
coefficient correlation; all heat transfer coefficient correlation
ID numbers are provided in Appendix C; default: 6; units:
none

the Reynolds number at which transition from laminar to tur-
bulent flow occurs for heat transfer coefficient calculations;
default: TU RLAM (from Block 1 data); units: none

auxiliary data for the selected laminar flow heat transfer
coefficient correlation (IHTCLAM); some correlations require
auxiliary data, such as an entrance length; required auxiliary
data for each correlation is provided in Appendix C; defaulti
1.0; units: dependent on selected correlation
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AUXT auxiliary data for the selected turbulent flow heat transfer
coefficient correlation (IHTCI’UR); some correlations require
auxiliary data, such as an entrance length; required auxiliary
data for each correlation is provided in Appendix C; defaulti
1.0; units: dependent on selected correlation

%linetikk TNH(k=l,NEH+l)

Variable Descri~tion

TNH the initial temperature for each of the NEH+ 1 nodes of the
heat transfer structure; default: THD (from data Block 1); if a
value is entered for the first node, it becomes the new default
for all remaining nodes; units: K

%line85: END

Variable Description

END this line must contain the character variable END in the first
three columns to indicate the end of Block 10 data; do not
include enclosing apostrophes
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Block 11, Function-Controlled Variable Data for
Heat Transfer:

s repeat lines 86 t~ough 87 for each function-controlled variable; this
Block, along with function data Blocks, allows the user to define input
variables with functional dependence of the form: y = x or y = f(x); y is a
function-controlled input variable, x is a signal-variable function, and f( )
is a specified mathematical function; functions can be specified as
functions of other functions if desired; function-controlled variables are
updated at each svstem time step

%line86: IFCVID, FCVNAME, IAFN, FCVM

Variable Description

IFCVID the desired function-controlled variable identification (ID)
number; all function-controlled variable ID numbers are
provided in Appendix A; this ID specifies the input
variable that is to be functionally controlled; any variable in
Appendix A can be specified; including a variable in this data
Block designates that it is updated immediately after the
heat transfer solution is computed for all structures;
function-controlled variables are updated in the order they
are listed in the input file; default: none; units: none

FCVNAME any descriptive phrase of 28 characters or less to identify the
function-controlled variable in the output files; default: each
function-controlled variable has a unique default assigned to
it that is provided in Appendix A; units: none

IAFN the associated argument function number for this function-
controlled variable; any number between 1 and 9999 is a
valid argument function number; the value of IAFN must
correspond to an IFN value in the function data defined for
fluid mechanics, heat transfer, reactor dynamics, or the
system; a negative value of IAFN can be entered, indicating
the use of the change in the associated IFN function value as
the argument function; thus, y = x“’w-xold or y = f(x”’w-x”ld), if
IAFN is entered as a negative number; X“ld is the IFN
function value at the previous system time step; default:
none; units: none
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FCVM a multiplier applied to the computed function-controlled vari-
able; default: 1.0; units: none

%line87: IA, L2, L3

Variable Descri~tion

L1 the first locator number to define the desired system location
of the function-controlled variable; the definition of L1
depends on the selected value of IFCVID and is provided in
Appendix A; example -- for function-controlled variable DXH,
L1 is defined as the associated structure number, KH;
default: none; units: none

L2

L3

the second locator number to define the desired system
location of the function-controlled variable; the definition of
L2 depends on the selected value of IFCVID and is provided
in Appendix A; example -- for function-controlled variable
DXH, L2 is defined as the associated element number;
default: none; units: none

the third locator number to define the desired system
location of the function-controlled variable; the definition of
L3 depends on the selected value of IFCVID and is provided
in Appendix A; default: none; units: none

%line88: END

Variable Descriwtwn

END this line must contain the character variable END in the first
three columns to indicate the end of Block 11 data; do not
include enclosing apostrophes
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Block 12, Function Data for Heat Transfer:

~ repeat line 89 and any associated supplemental line(s) for each function;
this Block, along with function-controlled variable data Blocks, allows the
user to define input variables with functional dependence of the form: y = x
or y = f(x); y is a function-controlled input variable, x is a signal-variable
function, and f( ) is a specified mathematical function; functions can be
specified as functions of other functions if desired; functions are updated at
each svstem time step

‘%line89: IFN, IFID, FNAME, FM, FVALUE

Variable Descrhtwn

IFN the user-specified function number; any number between 1
and 9999 is a valid function number; this number may be ref-
erenced in function-controlled varaible data by the IAFN
variable, or by function supplemental uariabks (see the next
line); functions are updated in the order they are listed in the
input file, independent of the value of IFN; default: none;
units: none

IFID the function identification (ID) number; all function ID num-
bers are provided in Appendix B; any function in Appen-
dix B can be specified; including a function in this data Block
designates that it is updated immediately after the heat
transfer solution is computed for all networks; available func-
tions include dependent output variables (signal-variable
functions) such as pressure and temperature, and math-
ematical functions such as cosine and square root; math-
ematical functions require specification of associated arg-
ument function(s) on the following line; default: none; units:
none

FNAME any descriptive phrase of 28 characters or less to identify the
function in the output files; default: each function has a
unique default assigned to it that is provided in Appendix B;
units: none

a multiplier applied to the computed function; default: 1.0;
units: none

FVALUE the initial value of the function; default: 0.0; units: none
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‘%line90: Supplemental uuriabze8 associated with the function

~ each function may require supplemental lines to fully specify the function;
Appendix B contains the supplemental uariabks required by each function;
care should be taken to ensure the proper supplemental uariubks are
entered in the correct order for each function

@Jine9k END

Variable Desctiptbz

END this line must contain the character variable END in the first
three columns to indicate the end of Block 12 data; do not
include enclosing apostrophes
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Block 13, Reactor Dynamics Data

- repeat l~es 92 through 111 for each nuclear reaclnr included in the system

%line92: KR,

Varkble

KR

RXNAME

KSOLVE

RXNAME, KSOLVE

Descri~tion

the reactor identification number; reactors must be numbered
sequentially starting at 1, but can be listed non-sequentially
in the input file if desired; default: none; units: none

any descriptive name of up to 24 characters to identify the
reactor in the output files; enclosing apostrophes required;
default: ‘Nuclear Reactor’; units: none

specifies the numerical method for integration of the reactor
dynamics equations; available options: 1-- fifth-order Runge-
Kutta-Felberg method using fourth- and fifth-order solutions
to estimate the truncation error for adaptive time step control;
2-- first-order Euler’s method using step doubling to estimate
the truncation error for adaptive time step control; default: 1;
units: none

%line93: GENTIME, SOURCE, RDN

Variable Description

GENTIME the effective neutron generation time, defined as the prompt
neutron lifetime divided by the effective neutron mult-
iplication factor (k~ff); default: 1.OE-4; units: s

SOURCE the added neutron source term for the reactor; default: 0.0;
units: W/s or any user-selected unit consistent with the other
reactor dynamics data

RDN the initial value of the neutron power (or neutron density,...);
default: 1.OE-5; units: W or any user-selected unit consistent
with the other reactor dynamics data

Block 13-- page 64



%line94: DEL~ DTRDMIN, DTRDMAX, DRERR~ NPRNTRD

Variable Description

DELTR the initial time step for the reactor dynamics solution; default:
GENTIME; units: S

DTRDMIN the minimum-allowed time step for the reactor dynamics solu-
tion; default: 0.1 oGENTIME; units: s

DTRDMAX the maximum-allowed time step for the reactor dynamics solu-
tion; default: 1000GENTIME; units: s

DRERRR the desired relative truncation error for the reactor dynamics
solution; the Runge-Kutta-Felhberg option (KSOLVE = 1)
determines truncation error based on the difference between a
fourth- and fifth-order solution; the Euler option (KSOLVE =
2) determines truncation error based on the difference
between solutions using full and one-half time steps; default:
1.OE-6; units: none

NPRNTRD the print frequency for this reactor; reactor dynamics output is
written to the output file every NPRNTRD reactor dynamics
time steps; this output is in addition to that generated every
PRNTINT seconds as specified in Block 1 data; default: 10000;
units: none

%line95: RDST, AUXRD(kaux=l,3)

Variable Description

RDST the start time for initiation of the reactor dynamics solution;
solution of the reactor dynamics equations does not begin until
the problem time reaches RDST; default: 0.0; units: s

AUXRD auxiliary data for reactor dynamics programmed reactivity
algorithms; three values of AUXRD can be entered for use in
user-defined programmed reactivity algorithms; these algor-
ithms can be provided by the user as FORTRAN subroutines if
desired and are useful for implementing complex reactor
control laws not provided by SAPS IM; user-defined control
laws are selected by variables KOIYI’PR and NPRD; AUXRD
values can be function controlled; default: 0.0; units: use de-
pendent
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%line96: NDNG

Variuble Descrhtkm

NDNG the number of delayed neutron precursor groups; default: 6;
units: none

= en~r the ne~ 2 lines only if a non-zero value for NDNG is entered in the

previous line; if NDNG is left blank, the 6 default values of XI-AM and
BETAG are used

%line97: XLAM(k=l,NDNG)

Variable Descrhtwn

the delayed neutron precursor decay constants; NDNG values
of XLAM must be entered; default: 0.0124, 0.0305, 0.111,
0.301, 1.14, 3.01; units: s-l

%line98: BE1’AG(k=l,NDNG)

Variable Description

BETAG the effective delayed neutron fractions; NDNG values of
BETAG must be entered; default: 0.00021, 0.00142, 0.00127,
0.00257, 0.00075, 0.00027; units: none

%line99: CDN(k=l,NDNG)

Variable DescriDtwn

CDN the initial delayed neutron precursor concentrations; NDNG
values of CDN must be entered; this line must be entered
unless NDNG = O; default: steady-state concentration based
on initial value of RDN; units: W or any user-selected unit
consistent with the other reactor dynamics data

%line100: NDNG

Variuble Description

NDHG the number of decay heat precursor groups; default: 11; units:
none
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~ entir the next 2 lines only if a non-zero value for NDHG is entered in the
previous line; if NDHG is left blank, the 11 default values of XLAMH and
EFRACG are used

%linelOk XLAMH(k=l,NDHG)

Variable Description

the decay heat precursor decay constants; NDHG values of
XLAMH must be entered; default: 1.772, 0.5774, 0.06743,
0.006214, 4.739E-4, 4.81E-5, 5.344E-6, 5.726E-7, 1.036E-7,
2.959E-8, 7.585E-10; units: s-l

%line102: EFRACG(k=l,NDHG)

Variable Descrhtion

EFRACG the decay heat precursor fractions; NDHG values of EFRACG
must be entered; default: 0.00299, 0.00825, 0.0155, 0.01935,
0.01165, 0.00645, 0.00231, 0.00164, 0.00085, 0.00043,
0.00057; units: none

‘%line103: CDH(k=l,NDHG)

Variable Description

CDH the initial decay heat precursor concentrations; NDHG values
of CDH must be entered; this line must be entered unless
NDHG = O; default: steady-state concentration based on initial
value of RDN; units: W*S or any user-selected unit consistent
with the other reactor dynamics data

%line104: NREAC

Variable Description

NREAC the number of differential reactivity feedback terms (AQ = pn’w
- ~old)to be used for this reactor; these terms couple the reactor
dynamics solution to the fluid mechanics and heat transfer
solutions; these terms can be function controlled; default: 1;
units: none

I- repeatthe nefiline for each NREAC differential reactivity feedback km I
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%line105: FBNAME, DREACI

Variable Description

FBNAME any descriptive name of 12 characters or less to identify the
differential reactivity feedback term (DREAC) in the output
files; enclosing apostrophes required; default: ‘FEEDBACK’;
units: none

DREACI the initial value for the integration of the differential
reactivity feedback term, DREAC (DREAC is function
controllable); thus: DREACI = DREACI + (DREACnew -
DREACOld); default: 0.0; units: none (w)

%line106: KOPTPR, NPPR

Variable Description

KO~R the programmed reactivity (dp/dt) option number; 4 options
are available: 1 -- table, 2 -- polynomial of order NPPR, 3--
constant, and 4 -- user-defined via FORTRAN subroutines
UPRIN, UPRINIT, and UPR; default: none; units: none

NPPR if KOITPR = 1, NPPR is the number of data points in the
programmed reactivity versus time table; if KO~PR = 2,
NPPR is the polynomial order; NPPR is not used for KOPI’PR
= 3; if KOITPR = 4, NPPR is the user-defined programmed
reactivity selection number; default: none; units: none

~ enter the next line only if KOPl?PR = 1 (linear interpolation table)

%line107: (t,PR)(k=l,NPPR)

Variable Description

t time table entry; the independent variable for the pro-
grammed reactivity versus time table; data for the table is
entered as NPPR (t, PR) pairs; time t is relative to the reactor
dynamics start time (RDST); default: none; units: s

PR programmed reactivity table entry; the dependent variable for
the programmed reactivity (d~dt) versus time table; data for
the table is entered as NPPR (t, PR) pairs; this option is useful
for defining reactor scrams; default: none; units: s-l
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I~ enter the next line only if KOPl?PR = 2 (polynomial)

‘&dine108: PRC(k=l,NPPR)

Variable Description

PRC the NPPR+l constants required to specify programmed
reactivity (dp/dt) as a function of time using an NPPR order
polynomial; the form of the polynomial: PR = PRC1 + PRC2”t
+ PRC3.tZ + .... time t is relative to the reactor dynamics start
time (R.DST); default: none; units: s-l

* enter the next line only if KOPI?PR = 3 (constant)

&line109: PR

Variable Descri~tion

PR the constant programmed reactivity value (d#dt); defaulk
none; units: s-l

~ enter the next line(s) only if KOl?17PR = 4 (user-defined) I

%linellO: user-defined via subroutines UPRIN, UPRINIT, and UPR

* sample subroutines are provided in Appendix D

%linelll: PRI

Variuble Description

PRI the initial value for the programmed reactivity; this is used to
initialize the time integration of the programmed reactivity;
default: steady-state value based on initial values of RDN and
SOURCE; units: none (M/k)

%linel12: END

Variable Description

END this line must contain the character variable END in the first
three columns to indicate the end of Block 13 data; do not
include enclosing apostrophes
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Block 14, Function-Controlled Variable Data for
Reactor Dynamics:

UZPrepeat lines 113 through 114 for each function-controlled variable; this
Block, along with function data Blocks, allows the user to define input
variables with functional dependence of the form: y = x or y = f(x); y is a
function-controlled input variable, x is a signal-variable function, and f( ) is
a specified mathematical function; functions can be specified as functions of
other functions if desired; function-controlled variables are updated at each
_ time step

%linel13: IFCVID, FCVNAME, IAFN, FCVM

Variable

IFCVID

FCVNAME

IAFN

Description

the desired function-controlled variable identification (ID)
number; all function-controlled variable ID numbers are
provided in Appendix A; this ID specifies the input variable
that is to be functionally controlled; any variable in Appendix
A can be specified; including a variable in this data Block
designates that it is updated immediately after the reactor
dynamics solution is computed for all reactors; function-
controlled variables are updated in the order they are listed in
the input file; default: none; units: none

any descriptive phrase of 28 characters or less to identify the
function-controlled variable in the output files; default: each
function-controlled variable has a unique default assigned to
it that is provided in Appendix A; units: none

the associated argument function number for this function-
controlled variable; any number between 1 and 9999 is a valid
argument function number; the value of IAFN must
correspond to an IFN value in the function data defined for
fluid mechanics, heat transfer, reactor dynamics, or the
system; a negative value of IAFN can be entered, indicating
the use of the change in the associated IFN function value as
the argument function; thus, y = x“ew-xoldor y = f(x”’W-@d), if
IAFN is entered as a negative number; xoldis the IFN function
value at the previous system time step; default: none; units:
none
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FCVM a multiplier applied to the computed function-controlled vari-
able; default: 1.0; units: none

%linel14: I-l, L2, L3

Variuble Descrbtwn

L1 the first locator number to define the desired system location
of the function-controlled variable; the definition of L1
depends on the selected value of IFCVID and is provided in
Appendix A; example -- for function-controlled variable
DREAC, L1 is defined as the associated reactm number, ~
default: none; units: none

L2

L3

the second locator number to define the desired system
location of the function-controlled variable; the definition of
L2 depends on the selected value of IFCVID and is provided in
Appendix A; example -- for function-controlled variable
DREAC, L2 is defined as the associated feedback term
number; default: none; units: none

the third locator number to define the desired system location
of the function-controlled variable; the definition of L3
depends on the selected value of IFCVID and is provided in
Appendix A; default: none; units: none

%linel15: END

Variable Desc?htwn

END this line must contain the character variable END in the first
three columns to indicate the end of Block 14 data; do not
include enclosing apostrophes
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Block 15, Function Data for Reactor Dynamics:

~ repeat line 116 and any associated supplemental line(s) for each function;
this Block, along with function-controlled variable data Blocks, allows the
user to define input variables with functional dependence of the form: y = x
or y = f(x); y is a function-controlled input variable, x is a signal-variable
function, and f( ) is a specified mathematical function; functions can be
specified as functions of other functions if desired; functions are updated at
each system time step

%dinel16: IFN, IFID, FNAME, FM, FVALUE

Variable Descrbtwn

IFN the user-specified function number; any number between 1
and 9999 is a valid function number; this number may be ref-
erenced in function-controlled varaible data by the IAFN
variable, or by function supplemental variables (see the next
line); functions are updated in the order they are listed in the
input file, independent of the value of IFN; default: none;
units: none

IFID the function identification (ID) number; all function ID num-
bers are provided in Appendix B; any function in Appen-
dix B can be specified; including a function in this data Block
designates that it is updated immediately after the reactor
dynamics solution is computed for all reactors; available func-
tions include dependent output variables (signal-variable
functions) such as pressure and temperature, and math-
ematical functions such as cosine and square root; math-
ematical functions require specification of associated arg-
ument function(s) on the following line; default: none; units:
none

FNAME any descriptive phrase of 28 characters or less to identify the
function in the output files; default: each function has a
unique default assigned to it that is provided in
units: none

a multiplier applied to the computed function;
units: none

Appendix B;

default: 1.0;

FVALUE the initial value of the function; default: 0.0; units: none
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%linel17: Supplemental uaricddes associated with the function

~ each function may require supplemental lines to fully specify the function;
Appendix B contains the supplemental vari.ubks required by each function;
care should be taken to ensure the proper supplemental variubks are
entered in the correct order for each function

%linel18: END

Variable Descri~tion

END this line must contain the character variable
three columns to indicate the end of Block
include enclosing apostrophes

END in the first
15 data; do not
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Block 16, Function-Controlled Variable Data for
the System:

- repeat lines 119 through 120 for each function-controlled variable; this
Block, along with function data Blocks, allows the user to define input
variables with functional dependence of the form: y = x or y = f(x); y is a
function-controlled input variable, x is a signal-variable function, and f( ) is
a specified mathematical function; functions can be specified as functions of
other functions if desired; function-controlled variables are updated at each
mm time step

‘%Jinel19: IFCVID, FCVNAME, IAFN, FCVM

Variable

IFCVID

FCVNAME

IAFN

Descriwtwn

the desired function-controlled variable identification (ID)
number; all function-controlled variable ID numbers are
provided in Appendix A; this ID specifies the input variable
that is to be functionally controlled; any variable in Appendix
A can be specified; including a variable in this data Block
designates that it is updated at the beginning of each system
time step iteration; variables that are functions of time should
be included in this data Block; function-controlled variables
are updated in the order they are listed in the input file;
default: none; units: none

any descriptive phrase of 28 characters or less to identify the
function-controlled variable in the output files; default: each
function-controlled variable has a unique default assigned b
it that is provided in Appendix A; units: none

the associated argument function number for this function-
controlled variabl~; any number between 1 and 9999 is a valid
argument function number; the value of IAFN must
correspond to an IFN value in the function data defined for
fluid mechanics, heat transfer, reactor dynamics, or the
system; a negative value of IAFN can be entered, indicating
the use of the change in the associated IFN function value as
the argument function; thus, y = Xn’w-xo]dor y = f(xnew-x”ld), if
IAFN is entered as a negative number; Xo]dis the IFN function
value at the previous system time step; default: none; units:
none
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FCVM a multiplier applied to the computed function-controlled vari-
able; default: 1.0; units: none

%line120: I-J, L2, L3

Variable Descri~tim

L1 the first locator number to define the desired system location
of the function-controlled variable; the definition of L1
depends on the selected value of IFCVID and is provided in
Appendix A; example -- for function-controlled variable
DREAC, L1 is defined as the associated reactor number, KR;
default: none; units: none

L2

L3

the second locator number to define the desired system
location of the function-controlled variable; the definition of
L2 depends on the selected value of IFCVID and is provided in
Appendix A; example -- for function-controlled variable
DREAC, L2 is defined as the associated feedback term
number; default: none; units: none

the third locator number to define the desired system location
of the function-controlled variable; the definition of L3
depends on the selected value of IFCVID and is provided in
Appendix A; default: none; units: none

%line12k END

Variable Descfiptkm

END this line must contain the cha.iacter variable END in the fiist
three columns to indicate the end of Block 16 data; do not
include enclosing apostrophes
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Block 17, Function Data for the System:

= repeat line 122 and any associated supplemental line(s) for each function;

this Block, along with function-controlled variable data Blocks, allows the
user to define input variables with functional dependence of the form: y = x
or y = f(x); y is a function-controlled input variable, x is a signal-variable
function, and f( ) is a specified mathematical function; functions can be
specified as functions of other functions if desired; functions are updated at
each svstim time step

‘%line122: IFN, IFID, FNAME, FM, FVALUE

Variable Descri~tion

IFN the user-specified function number; any number between 1
and 9999 is a valid function number; this number may be ref-
erenced in function-controlled varaible data by the IAFN var-
iable, or by function supplemental vari.ubks (see the next
line); functions are updated in the order they are listed in the
input file, independent of the value of IFN; default: none;
units: none

IFID the function identification (ID) number; all function ID num-
bers are provided in Appendix B; any function in Appen-
dix B can be specified; including a function in this data Block
designates that it is updated at the beginning of each system
time step iteration; functions that are functions of time should
be included in this data Block; available functions include
dependent output variables (signal-variable functions) such as
pressure and temperature, and mathematical functions such
as cosine and square root; mathematical functions require
specification of associated argument function(s) on the
following line; default: none; units: none

FNAME any descriptive phrase of 28 characters or less to identify the
function in the output files; default: each function has a
unique default assigned to it that is provided in Appendix B;
units: none

a multiplier applied to the computed function; default: 1.0;
units: none

NALUE the initial value of the function; default: 0.0; units: none
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%line123: Supplemental utzriables associated with the function

* each function may require supplemental lines to fully specify the function;
Appendix B contains the supplemental variubks required by each function;
care should be taken to ensure the proper supplemental variubks are
entered in the correct order for each function

%line124: END

Variubk DescriDtwn

END this line must contain the character variable
three columns to indicate the end of Block
include enclosing apostrophes

END in the fiist
17 data; do not
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Block 18, User-Defined Data:

~ this data block is reserved for any input variables the user chooses, con-
sistent with any user-specified subroutines; it is the responsibility of the
user to provide the proper interface between the user subroutines, the user
variables, and SAFSIM; subroutine UOUT writes the user-defined output
and is called every PRNTINT seconds as specified in Block 1 data

%linel%: user-defined variables

Variubl.e Descriwtkm

userl ...

user2 ...

. . .

%line126: END

Variable Descrbtkm

END this line must contain the character variable END in the first
three columns to indicate the end of Block 18 data; do not
include enclosing apostrophes
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4.0 SAFSIM Output Files

The output of SAFSIM is placed in separate files according to content. For
example, heat transfer output is written to a single file and reactor dynamics
output is written to a different file. This helps to reduce the size of any single
output file. Also, unformatted files are created that contain data intended for
use in plotting programs. These files contain all output variables and may be
very large. Special purpose computer programs can then be created to extract
the desired data and rewrite it in the desired format; perhaps in tabular
format for inclusion in a spreadsheet. The following table provides a brief
description of all files associated with SAFSIM.

SAFSIM Files

Unit File Name Description
1 SAFSIM.DMP the unformatted dump file for restarts (not in use)
2 SAFSIM.OF the Function and Function-Controlled Variable

formatted output file
3

4
5

6
7

8

9

SAFSIM.OIN

SAFSIM.IN
INPUT.SS

SAFSIM.OFM
SAFSIM.OHT

SAFSIM.OXM

SAFSIM.ORD

10 SAFSIM.OIT

11

12
SAFSIM.PFM
SAFSIM.PHT

this file contains the problem input data after
~rocessing and is formatted
the input data file created by the user
the input data file with all comment lines removed
(deleted automatically after execution)
the fluid mechanics formatted output file
the heat transfer formatted output file; this file is
created only if heat transfer structures are included
in the input model
the fluid mechanics mass fkaction output file; this
file is created only if multiple gases are specified
the reactor dynamics formatted output file; this file
is created only if nuclear reactors are included in
the input model
this file contains iteration summary information re-
garding fluid mechanics solution and is formatted
the fluid mechanics unformatted output file
the heat transfer unformatted output file; this file
is created only if heat transfer structures are
included in the input model
the reactor dynamics unformatted output file; this
file is created only if nuclear reactors are included
in the input model
the Function unformatted output file
the user-defined formatted output file
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The following four subsections provide more detail about the contents of
the output files for fluid mechanics, heat transfer, reactor dynamics, function
and function-controlled variables, and fluid mechanics iteration’ summary.

4.1 Fluid Mechanics Output

All fluid mechanics output is written for each flow network, starting with
network number 1. The variables are grouped into three sections: nodal
variables, element variables, and element property variables. If a compressor
or nozzle element is included in the input model, additional output sections
are provided, with information relevant to that special element. The heading
E# indicates the element identification number, and the headings NODE1 and
NODE2 indicate the global node identification numbers for local nodes 1 and 2
of the element, respectively. The following table provides definitions of the
abbreviations used for the fluid mechanics and mass ii-action output.

Abbreviation
PI

T1
T2
D1
D2

FLow
VELOCITY

Fluid Mechanics Output Abbreviations

Def init ion
fluid pressure at local node 1 of the element
fluid pressure at local node 2 of the element
fluid temperature at local node 1 of the element
fluid temperature at local node 2 of the element
fluid density at local node 1 of the element
fluid density at local node 2 of the element
element fluid mass flow rate
element fluid velocity (pore velocity for porous media
elements)

P element fluid pressure
T

FRIC FAC
Qflow

Qconv

HA

DEN
MACH #
DVISC

Cp

element fluid temperature
element friction factor
flow power (losses due to compressibility and viscous
dissipation); positive Q indicates power ~ the fluid
convection power added to the fluid from all heat transfer
structure elements coupled to the fluid mechanics
element; positive Q indicates power ~ the fluid
the product of H (the heat transfer coefficient) and A (the
heat transfer surface area) for all coupled heat transfer
elements (HA is the sum of all coupled HA’s)
element fluid density
element fluid Mach number
element fluid dynamic viscosity
element fluid constant pressure specific heat
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GAMMA I element constant pressure specific heat divided by
constant volume specific heat for the fluid

COND element fluid thermal conductivity
REYNOLDS # element fluid Reynolds number (based on pore velocity

for porous media elements)
PRANDTL # element fluid Prandtl number
PECLET # element fluid Peclet number based on element length

Pt fluid pressure at the throat (local node 2) of a nozzle
(choked flow boundary) element

TEMPt fluid temperature at the throat (local node 2) of a nozzle
(choked flow boundary) element

DENt fluid density at the throat (local node 2) of a nozzle
(choked flow boundary) element

x element gas constituent mass fraction (for multiple gas
networks)

xl gas constituent mass fi-action at local node 1 of the
element (for multiple gas networks)

x2 gas constituent mass fraction at local node 2 of the
element (for multiple gas networks)

PARTIAL P gas constituent partial pressure of the element (for
multiple gas networks) -

In the output, the fluid velocity for flow in a porous media is the pore (or
interstitial void) velocity and not the superficial velocity. Also, the Reynolds
number is based on the pore velocity and the particle diameter for porous
media elements. Otherwise, the Reynolds number is based on the equivalent
diameter of the element. The Peclet number (the product of a different
Reynolds number and the Prandtl number) uses the element length as the
characteristic distance in the Reynolds number. The flow and fluid properties
provided in the SAFSIM.OFM file are for the fluid mixture if more than one
gas constituent is specified in the input file. The flow and fluid properties for
the individual gas constituents are provided in the SAFSIM.OXM file.

4.2 Heat Transfer Output

All heat transfer output is written for each heat transfer structure, starting
with structure number 1. Boundary condition output data for end 1 of the
structure is presented first, followed by element and node output data; this
data is followed by boundary condition output data for end 2. The heading 4n#
indicates either the element or node identification number. The following table
provides definitions of the abbreviations used for the heat transfer output.
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Heat Transfer Output Abbreviations .
Abbreviation Definition

I FAC node implicitness factor (1.0 is fully implicit)
Tn node material temperature

dT/dt rate of temperature change (new-time temperature minus
old-time temperature divided by time step) at the node

Te element material temperature
dT/dX material temperature gradient for the element (a positive

I gradient indicates increasing temperature in the direc-
tion of increasing node number)

COND element material thermal conductivity
c element material specific heat

DEN element material densitv

Q“ surface heat flux (positive Q“ indicates power out of the
structure)

Q I heat flow rate (positive Q indicates power out of the
structure)

NW# the coupled fluid mechanics network ID number
E# the coupled fluid mechanics element ID number

HTC heat transfer coefficient for the surface
Twall element wall (surface) temperature
Tfluid the fluid temperature for the coupled fluid mechanics

I element
FILMDROP I Twall minus Tfluid

The structure internal power is the total power added to the structure by
internal volumetric heating. Positive internal power indicates power into the
structure. The exchange power is the power exchanged with any coupled fluid
mechanics elements or coupled heat transfer elements. Positive exchange
power indicates power out of the structure. The net power is the internal
power minus the exchange power. If the net power is positive, more power is
being added to the structure than is being taken away by convection or
radiation.

4.3 Reactor Dynamics Output

All reactor dynamics output is written for each reactor, starting with
reactor number 1. The following table provides definitions of the abbreviations
used for the reactor dynamics output.
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Reactor Dynamics Output Abbreviations —
Abbreviation I Definition

dFOWE~dt rate of neutron power change (new-time power minus old-
time power divided by time step)

dPe~dt rate of effective thermal power change (new-time power
minus old-time power divided by time step)

dC/dt rate of delayed-neutron precursor concentration change
(new-time concentration minus old-time concentration
divided bv time sten)

dH/dt rate of decay heat precursor concentration change (new-
time concentration minus old-time concentration divided
bv time stm)

dRHO/dt rati of reactivity change (new-time reactivity minus old-
time reactivity divided by time step)

The effective reactor power is determined as the prompt neutron power
plus the decay power from all decay heat groups. The prompt neutron power is
defined as the total neutron power times the fraction of neutron power
deposited promptly (1 .O-q). q is the total decay heat fraction. Reactivity output
is presented as a dimensionless variable (Ak/k) and in units of $ (Ak/l@),

where k is the effective neutron multiplication factor and ~ is the total delayed
neution fraction.

4.4 Function and Function-Controlled Variables Output

The function and function-controlled variable output data is listed first for
fluid mechanics, second for heat transfer, third for reactor dynamics, and last
for the system. The functions and function-controlled variables are numbered
consecutively under the COUNTER heading, The F # is the function number
specified by input variable IFID. The ID #’s come from Appendices A and B.
Two values are provided for the function output: the function value for the
current time and the new-time function value minus the old-time function
value.

4.5 Iteration Summary Output

This output provides a summary of the number of iterations required for
the various fluid mechanics solutions for every time step iteration. This output
is useful for optimizing convergence criteria and iteration maximums. It also
provides valuable information if the program fails.

MEE indicates if the mechanical energy equation solution is on (1) or off
(0). ID is the number of density iterations
density field and IM is the number of mass

required for convergence of the
flow rate iterations required for
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solution of the mass flow rate field. ICD indicates the number of times the
Cholesky decomposition solver is employed for solution of the pressure
equation. IGE indicates the number of times the Gauss elimination solver is
employed for solution of the pressure equation. IP(MAX) is the maximum
number of Gauss-Seidel iterations required for solution of the pressure
equations for the current density iteration. IP(MIN) is the minimum number
of iterations and IP(AVG) is the average number of Gauss- Seidel iterations.
The average is determined as the total number of Gauss-Seidel iterations for
all mass flow rate iterations divided by the number of mass flow rate iter-
ations for the current density iteration. IC is the number of iterations required
for solution of the element temperature solution. IGET is the number of times
Gauss elimination is used to solve the fluid temperature equations. IT(MAX),
IT(MIN), and IT(AVG) are the maximum, minimum, and average number of
iterations, respectively, for solution of the nodal temperature field using
Gauss-Seidel iteration for the current density iteration. IX(i) is the number of
iterations required for solution of the mass fraction field for gas constituent i.
Each gas constituent has a value of IX printed.
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Atmendices

Appendix A: Function-Controlled Variable Identification Numbers
Appendix B: Function Identification Numbers
Appendix C: Heat Transfer Coefficient Correlation Identification

Numbers
Appendix D: Sample User-Defined Subroutines
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Appendix A:
Function-Controlled Variable Identification Numbers

*

ID Variable
1 TIMESTEP
2 PRNTINT
3 NPLT

4 I NDUMP
5 I MAXIP

F6 MAXIM

7 MAXID

8 I MAXIT

R
9 MAXIC

10 MAXIX

11 DRERRP

12 I DRERRM

+

13 DRERRD

14 DRERRT

15 DRERRC

+

16 DllERRX

17 RELAXP

18 I tiLAXM

19 I RELAXD

F
20 RELAXT

21 RELAXC

22 RELAXX

23
I

AGRAV

Default Name Ll L2 L3
‘SYSTEMTIMESTEP’ .
‘SYSTEMPRINTINTERVAL’ - .
‘SYSTEMPLOT
FREQUENCY’
‘SYSTEMDUMP .
FREQUENCY
‘MAX##OFPRESSURE
ITERATIONS’
‘MAX ##FLOWRATE .
ITERATIONS’
‘MAX #OF DENSITY .
ITERATIONS’
‘MAX ##OFNODIH’EMP
ITERATIONS’
‘MAX #OF ELEMTEMP
ITERATIONS’
‘MAX ##OFMASSFRAC
ITERATIONS’
‘RELATIVEERRORFOR
PRESSURE’
‘RELATIVEERRORFOR
FLO~TE’
‘RELATIVEERRORFOR .
DENSITY’
‘RELATIVEERRORFOR
NODIYI’EMP’
‘RELATIVEERRORFOR
ELEMTEMP
‘RELATIVEERRORFOR
MASSFRAC’
‘RELAXPARAM~ER FOR .
PRESSURE’
‘RELAXPARAMIY1’13RFOR
FLOWRATE’
‘RELAXPARAME1’ERFOR
DENSITY’
‘RELAXPARAMIH’ERFOR
NODETEMP’
‘RELAXPARAM~R FOR
ELEMTEMP’
‘RELAXPARAMIY1’ERFOR
MASSFRAC’
‘ACCELERATIONDUE TO .
GRAVITY’
‘Nl?lWORK DENSI~RGAS’ I I I

Appendix A -- page 86



b

ID Variable Default Name IX L2 L3
25 VOLNW ‘NEI’WORKVOLUME’
26 MEE ‘MECHENERGYEQUATION Nw

FLAG’
27 IDYNFM ‘DYNAMICFLAGFOR FM’
2a blank currently not in use

29 blank currently not in uss

30 RGAS ‘GAS CONSTANT’ idgas
31 VISM ‘FLUIDVISCOSITY idgas

MULTIPLIER’
32 CPM ‘FLUIDSPECIFICHEAT idgas

MULTIPLIER
33 CONDM ‘FLUIDCONDUCTIVITY idgas

MULTIPLIER’
34 TEND ‘PROBLEMENDTIME’
35 BC ‘FM BOUNDARY IDSET BC kind # I

(basedon CONDITION’ 1 for mass flow rate;
Block 5 2 for pressure; 3 for
data) temperature;4,5, ...

for mass fractionfor
igas= 1,2, ... . NGAS

36 DX ‘ELEMENT LENGTH’ JE .

37 ED ‘ELEMENTEQUIV J-E
DIAME1’ER

3s DZ ‘ELEMENTELEVATION JE .
CHANGE’

39 POR ‘ELEMENTPOROSITY’ JE
40 FA1 ‘ELEMENTFLOWAREA 1’ JE
41 FA2 ‘ELEMENT FLOW AREA 2’ J-E
42 FAE ‘ELEMENT FLOW AREA’ JE
43 VOL ‘ELEMENT VOLUME’ JE
44 RELRUF ‘ELEMENT RELATIVE J-E

ROUGHNESS’
45 AK12 ‘ELEMENT LOSS JE

COEFFICIENT 12’
46 AK21 ‘ELEMENT LOSS J-E

COEFFICIENT 21’
47 ALOD ‘ELEMENT ADDED L/D’ JE
4$ QDIR ‘ELEMENT DIRECT POWER’ JE
49 SPEED ‘COMPRESSOR FRAC- JE

TIONAL SPEED’
50 DTFM ‘FLUID MECHANICS

TIMESTEP’
51 NPRNTF ‘FLUID MECH PRINT FREQ’ .

52 blank currentlynot in use
53 blank currently not in use

54 KHDYN ‘STRUCTURE DYNAMIC

FLAG’ —
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ID Variable Default Name
55 DENHS ‘STRUCTURE MATERIAL

DENSITY’
56 SHM ‘SPECIFIC HEAT

MULTIPLIER’
57 CDM ‘CONDUCTIVITY

MULTIPLIER’
58 COPIES ‘NUMBER OF STRUCTURE

COPIES’
59 FETS ‘FRACTION OF EXPLICIT DT
60 QPPPM ‘POWER DENSITY

MULTIPLIER’
61 TBcl ‘TEMPERATURE, END 1’
62 TBC2 ‘TEMPERATURE, END 2’
63 DTMINH ‘MINIMUM HT TIMESTEP’

Ll L2 L3
material
numkr
material
number
material .
number

.

.

64 FLUXBC1 ‘HEAT FLUX, END 1’
65 FLUXBC2 ‘HEAT FLUX, END 2’
66 AFLUX1 ‘HEAT FLUX AREA, END 1’
67
68
69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

AFLUX2 ‘HEAT FLUX AREA, END 2’
NPRNTH ‘HT PRINT FREQUENCY’

‘CONVECTIVE EXCHANGE jeh jex
AREA’ element # surface #

‘B CONVECI’IVE EXCHANGE KH end jex

AREA’ (for boundaries) (1 or 2) surface #

EDH ‘CONVECI’IVE EQUIVALENT M jeh jex
D’ element # surface #

EDH ‘B CONVECI’IVEEQUIV- end jex
ALENTD’ (for boundaries) (1 or 2) surface#

IHTCLAM ‘HTC CORRELATION#,
LAMINAR’

jeh jex
element # surface #

IHTCLAM ‘B HTC CORRELATION#,
LAM.’ (for boundaries)

end jex
(1 or 2) surface#

IHTCTUR ‘HTC CORRELATION#, jeh jex
TURBULANT’ element # surface #

IHTCI’UR ‘B HTC CORRELATION#, end jex
TUR.’ (for boundaries) (1 or 2) surface #

TURLAMH ‘CONVECTIVE jeh jex
TRANSITION RE #’ element # surface #

TURLAMH ‘B CONVECI’IVE TRANS. RE end jex
#’ (for boundaries) (1 or 2) surface #

AUXL ‘AUXILIARY DATA,
LAMINAR’

jeh jex
element # surface #

AUXL ‘B AUXILIARY DATA, end jex
LAMINAR’ (for boundaries) (1 or 2) surface #

AUXT ‘AUXILIARY DATA,
TURBULANT’

jeh jex
element # surface #

AUXT ‘B AUXILIARY DATA, end jex
TURBULEN’ (for boundaries) (1 or 2) surface #

DXH ‘STRUCTURE ELEMENT
LENGTH’

jeh
element #
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861 QPPP

+

87 QPP

88 ASURF

89 GENTIME

G
93 DRERR
94 NPRNTRD

95 RDST
96 AUXRD
97 KSOLVE
98 DREAC

Default Name
‘STRUCTURE ELEMENT
AREA’
‘STRUCTURE ELEMENT
VOLUME’
‘STRUCTURE ELEMENT
QPPP
‘STRUCTURE ELEMENT
FLUX’
‘STRUCTURE ELEMENT
S,AREA’
‘NEUTRON GENERATION
TIME’
‘NEUTRON SOURCE TERM’
‘MINIMUM TIMESTEP FOR
RD’
‘MAXIMUM TIMESTEP FOR
RD’
‘DESIRED REL.ERR FOR RD’
‘PRINT FREQUENCY FOR
RD’
‘RX DYNAMICS START TIME’
‘RD AUXILIARY DATA’
‘RD INTEGRATOR OFI’ION #
‘FEEDBACK DIFFERENTIAL
R,Ho’
currently not in use
current~ not in use

Ll L2 L3
jeh

element #
jeh

element #
jeh

element #
jeh jfluxa

element # surface #
jeh jfluxa

element # surface #
KR

KR
KR

KR

KR
KR

KR kaux
KR
KR kreac -

term #

NOTE: some of the L (locator) variables are not explicitly defined in the Block data input;
these variables (listed in lower case) are defined here:

●

●

●

●

●

●

●

idgas: the gas ID number based on the order the gases are listed on line19 of Block
2 data
igas: the gas constituent number based on the order the gases are listed on line 18
of Block 2 data
BC kind #: the corresponding number for the kind of boundary condition assigned
for the referenced IDSEI’ from Block 5 data
jeh: the structure finite element number based on the order the elements are listed
in Block 10 data
jex: the exchange surface numkr for convection based on the order the exchange
surfaces are listed in Block 10 data
end: the boundary end number (1 or 2) for variables that are defined at the
boundaries of heat transfer structures in Block 10 data
jfluxa: the surface area number for heat flux based on the order the surfaces are
listed in Block 10 data
kaux: the auxiliary data number baaed on the order they are listed in Block 13 data
kreac: the feedback term number based on the order the feedback terms are listed
in Block 13 data
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Appendix B:
Function Identification Numbers

ID
1
2
3
4
5
6

7

8
9

10

11

12

13

14

....................... ..................,,,,,,,.. ...............,,,,,.,,. ... ..........,.,,,,,,,,,=j””~ ~

Variable Default Name Ll L2 L3
TIME ‘PROBLEM TIME’
DELT ‘SYSTEM delta-TIME’ .

ISTEP ‘SYSTEM TIMESTEP #’
TIME-~fl ‘TIME - delta-TIMQt2’ .

TIME-DT ‘TIME - delta-TIME .

DELTF ‘FLUID MECHANICS
TIMESTEP’

ISTF ‘FLUID MECHANICS
TIMESTEP #’

PRESN ‘NODE FLUID PRESSURE’ i (node #)
TN ‘NODE FLUID i (node #) -

TEMPERATURE’
FLONL ‘LOCAL NODE FLUID FLOW Nw JE ilocal

RATE’ (1 or 2)
XMN ‘NODE GAS MASS i (node #) igas

FRACTION’
PRESE ‘ELEMENT FLUID J-E

PRESSURE’
TE ‘ELEMENT FLUID J-E .

TEMPERATURE’
FLOE ‘ELEMENT FLUID FLOW JE

15 DENE ‘ELEMENT FLUID DENSITY’ JE
16 FF ‘ELEMENT FRICTION JE

FACTOR’
17 QFLOE ‘ELEMENT FLOW POWER’ J-E
18 QCV ‘ELEMENT CONVECTIVE JE

POWER
19 HAFM ‘ELEMENT HTCS.AREA’ J-E
20 T2-T1 ‘ELEMENT FLUID delta-T JE
21 P2-P1 ‘ELEMENT delta-P’ JE
22 REY ‘ELEMENT REYNOLDS J-E

NUMBER’
23 PRNL ‘ELEMENT PRANDTL JE

NUMBER’
24 VELE ‘ELEMENT FLUID JE

VELOCITY’
25 AK ‘ELEMENT LOSS JE

COEFFICIENT’
26 GRAVE ‘ELEMENT GRAVITY HEAD’ J-E
27 ER ‘ELEMENT RESISTNC J-E

u COEFFICIENT’
2s RGASM ‘ELEMENT MIXTURE GAS JE

CONSTANT’
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_w#gp,.,i.: :.. ~~ ... . . ... .. ........... ~~~.,,,,,.,.,.,..,.,.- ,:.,y,.,.,.,.,.:.,.,.,.,.,.~.:.fj.:.. ,,.,.,,,.:::::::.:.:::.:,,
.,.,.,...,.,.,.,.,.,.,.,,,,., .. .......... ...........O . . . . . . . . . . . . . . . .

~. ““””vari:b;y~~Q~~~~~f~~--:~~~.ijm~u Gti&tii~............................,.,,,.,..,.,....
Default Name Ll L2 JAI

29 MACH# ‘ELEMENT MACH #’ J-E .

30 I GAMMA I ‘ELEMENT SPECIFIC HEAT I WI J-E I -
RATIO’

31 PP ‘ELEMENT PARTIAL JE igas
PRESSURE’

32 ‘ELEMENT GAS MASS JE igas
FRACTION’

—

33 VISE ‘ELEMENT FLUID JE igaa (Ofor
VISCOSITY’ mixture)

34 CPE ‘ELEMENT FLUID Cp’ JE igas (Ofor
mixture)

35

36

37
3s
39
40

41

42

43

44
45

46

47
4s

49

50

51

52

53

54

CONDE I ‘ELEMENT FLUID I NW I JE liga6(Ofor
CONDUCI’IVITY’ mixture)

CVE ‘ELEMENT FLUID &’ JE igas (O for
mixture)

blank currently not in use
blank currently not in use
blank currently not in use . .

PANW ‘NETWORK-AVERAGED
PRESSURE’ (open networks)

TANW ‘N131TVORK-AVERAGED
TEMPERATURE’ (open
networks)

DANW ‘NIYI’WORK-AVERAGED . .

DENSITY’
Pz ‘NOZZLE THROAT JE

PRESSURE’
ZMT ‘NOZZLE THROAT MACH #’ JE .

PANW ‘NIYI’WORK-AVER4GED
PRESSURE’ (closed networks)

TANW ‘NI!?I’WORK-AVERAGED
TEMPERATURE’ (closed
networks)

blank I currently not in uae I I I .

DENH I ‘STRUCTURE MATERIAL jeh
DENSTIY’ element #

SHH ‘STRUCI’URE MATERIAL jeh
SP.HEAT element #

CONDH ‘STRUCTURE MATERIAL jeh .

CONDUCTVY’ element #
TEH ‘STRUC.I’URE ELEMENT jeh .

TEMPERATURE’ element #
DTDx ‘STRUCTURE ELEMENT jeh .

dT/dX’ element #
DELTH ‘ACTUAL HEAT TRANSFER .

I TIMESTEP’ I I I
lYl?3TEP~LIMIT’
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_gp:., ..........
im. .%xm&@f@mti*ia@mm ~jy:~s~ Wntai:wmukm~ :: ..::varlare: :*.:::..:::..: ...... .::, ... ...... . ....... .......... .......... ... . . .,,,.,.,.,,.,.. :..:.. ..,,;: ..... .:.::::.:.... . ...... .:. ..:... .. ...... ......

~:::::::~,~:;,y
.,.,,,.,.,..,. ....................

● Default Name Ll L2 M
55 18TH ‘STRUCTURE TIMESTEP #’ .

56 QPOW ‘STRUCTURE ELEMENT jeh
POWER’ element #

57 TAH ‘STRUCTURE AVERAGE T’ .

58 ‘STRUCTURE TOTAL Q’
59 TMAXH ‘STRUCTURE MAXIMUM T’ .

60 TMINH ‘STRUCTURE MINIMUM T’
61 TNH ‘STRUCTURE NODE ih

TEMPERATURE’ node #

62 m ‘STRUCI’URE NODE dT/dt’ ih
node #

63 FACTI ‘NODE IMPLICITNESS ih .

FACTOR’ node #

64 TWALL ‘CONVECTIVE WALL T’ jeh jex
element # surface #

65 TWALL ‘B CONVECTIVE WALL T (for KH end jex
boundaries) (1 or 2) surface #

66 ‘CONVECTIVE EXCHANGE jeh jex
T’ element # surface #

67 ‘B CONVECTIVE EXCHANGE KH end jex
T (for boundaries) (1 or 2) surface #

68 HTc ‘HEAT TRANSFER jeh jex
COEFFICIENT’ element # surface #

69 HTc ‘B HEAT TMNSFER end jex
COEFFICIENT’ (1 or 2) surface #

70 REYH ‘CONVECTIVE REYNOLDS #’ KH jeh jex
element # surface #

71 REYH ‘B CONVECTIVE REYNOLDS end jex
#’ (for boundaries) (1 or 2) surface #

72 FILMDRP ‘CONVECTIVE FILM DROP’ jeh jex
element # surface #

73 FILMDRP ‘B CONVECTIVE FILM end jex
DROP’ (for boundaries) (1 or 2) surface #

74 QCVH ‘CONVECTIVE Q’ jeh jex
element # surface #

75 QCVH ‘B CONVECTIVE Q’ (for end jex
boundaries) (1 or 2) surface #

76 QPP ‘CONVECTIVE QPP’ jeh jex
element # surface #

77 QPP ‘B CONVECTIVE QPP’ (for end jex
boundaries) (1 or 2) surface #

78 blank currently not in use
79 ISRD ‘REACTOR DYNAMICS KR

TIMESTEP #’
84) DELTR ‘REACTOR DYNAMICS REL
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82- 1
T83

785
86

787

T89

-t

90
91

392
93

395
96

97 I
T98

:

99
100
101
102
103
104
105
106
107
108
109

Ni<i:q$m*&-,x.m.mJw*wn@I&Ea~~ mtigppge~~~gmg~
Variable Default Name Ll L2 M

RDN ‘REACTOR NEUTRON .
POWER’

DNDT ‘REACTOR DYNAMICS . .
dPower/dt’

RDNE ‘EFFECTIVE REACTOR KR .

POWER’
DNEDT ‘REACTOR DYNAMICS KR .

dPeffldt’
DECPOW ‘REACTOR DECAY POWER’ KR

KEFF ‘NEUTRON KR .

MULTIPLICATION FACTR’
PERINV ‘REACTOR INVERSE .

PERIOD’
PERINVE ‘E. REACTOR INVERSE KR

PERIOD’
CDN ‘PRECURSOR KR igroup

CONCENTRATION’
DCDT ‘DELAYED NEUTRON dwdt’ KR igroup
CDH ‘DECAY HEAT KR igroupd .

CONCENTRATION’
DHDT ‘DECAY HEAT w dt’ igroupd

DREACT ‘DIFFERENTIAL FB KR
REACTIVITY’ (total)

DRHODT ‘DEPROGRAMMED KR . .

REACTIVIW dt’
REACT TOTAL REACTIVITY’
RERRR ‘RD RELATIVE KR

TRUNCATION ERROR’
DREACI ‘INTEGRATED KR kreac -

DIFF.REACTIVITY’ term #
PRI ‘INTEGRATED

PROGREACI’IVITY’
blank currently not in use .

blank currently not in use .

blank currently not in use
blank currently not in use
blank currently not in use . .

blank currently not in uae . .

blank currently not in use . .

blank currently not in use .

blank currently not in use .

blank currently not in use
blank
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ID
110
111

112

113

114

115

116

117

118

119
120
121
122

123

124
125

126

127

128

129

130
131

132
133

Default Nam@escription
‘INPUT CONSTANT’
‘POLYNOMIAL’

‘LINEAR INTERPOLATION TABLE’
non-uniform x data spacing allowed
‘LINEAR TABLE W/ EQUAL X INT’
uniform x data SPacing required
‘LINEAR ADVANCING-ONLY
TABLE’
x data must be in ascending order,

useful when time is x variable
‘QUADRATIC INT TABLE’
currently not available
‘2-D LINEAR INT TABLE’
currently not available

‘STEP TABLE’
currently not available
‘ADVANCING-ONLY STEP TABLE’
currently not available
currently not in use
currently not in use
currently not in use
‘AVERAGED TEMPERATURE’
mass averaging of heat transfer
structure element temperatures
‘AVERAGED FLUID DENSITY’
volume averaging of fluid mechanics
element densities
blank, currently not in use
‘USER-DEFINED FUNCTION #1’
user must modify subroutine UFUN
‘USER-DEFINED FUNCI’ION #2’
user must modify subroutine UFUN
‘USER-DEFINED FUNCTION #3’
user must modify subroutine UFUN
‘USER-DEFINED FUNCTION #4’
user must modify subroutine UFUN
‘USER-DEFINED FUNCTION #5’
user must modify subroutine UFUN
currently not in use
‘SUMMATION’

‘SUBTRACTION’
‘MULTIPLICATION’

description for each line
1: constant value
1: polynomial order, argument IFN #

~ %,al,o..,ao~etil

1: number of data pairs, argument IFN #
2 X,Y data paire
1: number of data pairs, argument IFN #
2 X,Y data pairs
1: number of data paire, argument IFN #
2: x,y data pairs

1: number of data pairs, argument IFN #
2 x,y data paira
1: number of data triplets, x argument IFN
#, y argument IFN #
2 x,y,z data tripleta
1: number of data paire, argument IFN #
2: X,Y data pairs
1: number of data pairs, argument IFN #
2: x,y data pairs
.

1: #of heat transfer structure elements
2: (KI-I, jeh, weighting factor) for each
structure element
1: #of fluid mechanics elements
2: (NW, JE, weighting factor) for each fluid
mechanics element

1: #of IFN argument functions (maximum
of 5), IFN #’S –

1: #of IFN argument functions (maximum
of5), IFN #S

1: #of IFN argument functions (maximum
of 5), IFN #’S

1: #of IFN argument functions (maximum
of 5), IFN #S

1: #of IFN argument functions (maximum
of 5), IFN #’S

1: #of IFN argument functions (maximum
of 5), IFN #’S

1: argument 1 IFN #, argument 2 IFN #
1: # of IFN argument functions (maximum
of 5), IFN #S

<
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134 I ‘DIVISION’ I 1: argument 1 IFN #, argument 2 IFN #
135 I ‘POWER’/ XY ] 1:x argument IFN #, y argument IFN #
136 ‘EXPONENTIAL’ /e’ 1:x argument IFN #
137 ‘INVERSE’ 1: argument IFN #
13s ‘NATURAL LOG’ 1: argument IFN #
139 ‘LOG (BASE1O)’ 1: argument IFN #
140 ‘ABSOLUTE VALUE’ 1: argument IFN #
141 ‘SQUARE ROOT’ 1: argument IFN #
142 ‘MAXIMUM’ 1: #of IFN argument functions (maximum

of 5), IFN #’S

143 I ‘MINIMUM’ I 1: # of IFN argument functions (maximum

144 ‘SINE’ / argument in radians
145 ‘COSINE’ / arwment in radians
146 ‘TANGENT’ / argument in radians
147 ‘ARCSINE’ / result in radians
14s ‘ARCCOSINE’ / result in radians
149 ‘ARCTANGENT’ / result in radians
150 ‘SIGN (+/-)’

result=sign of argument 2 times
value of argument 1

151 ‘MOD’
result=MOD(argumentl,argument2)

152 ‘UNITSQUAREWAVE 1’
result betweenOand 1

153 ‘UNITSQUAREWAVE2’

154
155

156

157

156

159
160

of 5), IFN #’S

1: argument IFN #
1: argument IFN #
1: argument IFN #
1: argument IFN #
1: argument IFN #
1: argument IFN #
1: argument 1 IFN #, argument 2 IFN #

1: argument 1 IFN #, argument 2 IFN #

1: argument IFN # (in radians, for example:
2x”fkeauencvTIME)

1: argument IFN # (in radians, for example:
result between -1 and 1 2drequencyTIME)

‘IF(TIME>F1)F=F2’ 1: argument 1 IFN #, argument 2 IFN #
‘IF(F1 > F2)F=F3 ELSE F4’ 1: argument 1 IFN #, argument 2 IFN #,
if value of argument 1> than value of argument 3 IFN #, argument 4 IFN #
argument 2, then result= argument 3,
else result= argument 4
‘IF(F1>F2AND.F3>F4)F=F5 EWE 1: argument 1 IFN #, argument 2 IFN #,
F6’ argument 3 IFN #, argument 4 IFN #,

argument 5 IFN #, argument 6 IFN #
‘IF(F1>F2.OR.F3>F4)F=F5 ELSE F6 1: argument 1 IFN #, argument 2 IFN #,

argument 3 IFN #, argument 4 IFN #,
argument 5 IFN #, argument 6 IFN #

‘GO TO (F1,F2,F3), F4’ 1: argument 1 IFN #, argument 2 IFN #,
if F4<0,result=Fl, if F4=0,result=F2, argument 3 IFN #, argument 4 IFN #
if F4>0,result=F3
currently not in use
currently not in use
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161

162

163

164

165

166

Default Name/D ascription
‘RADIATIVE QPP, SURFACE 1’
radiation from flux surface 1 of ele-
ment 1 to flux surface 1 of element 2;
QPP=Ccr(T14 - T24), C= I/(argument 1
value+ argument 3 value+(A/AJarg-
ument 2 value);T is temperature,A is
area of the element flux surface

‘RADIATIVE QPP, SURFACE 2’
radiation from flux surface 2 of ele-
ment 1 to flux surface 2 of element 2;
QPP=CU(’I’14 - T24), C= I/(argument 1
value+ argument 3 value+(A~A.Jarg
ument 2 value);T is temperature,A is
area of the element flux surface

‘RADIATIVE QPP, SURFACE 3’
radiation from flux surface 3 of ele-
ment 1 to flux surface 3 of element 2;
QPP=C@’14 - T24), C=l/(argument 1
value+ argument 3 value+(A~AJarg-
ument 2 value);T is temperature,A is
area of the element flux surface

‘CONDUCTIVE QPP, SURFACE 1’
conduction from flux surface 1 of ele-
ment 1 to flux surface 1 of element 2;
QP~C(l’l - TJ,C=l/(argument 1 val-
u@l+(AJAJmrgument 2 valu@2+
Al”argument 3 value);T is tempera-
ture,A is area of the element flux
surface, k is element conductivity.
‘CONDUCTIVE QPP, SURFACE 2’. .
conduction from flux surface 2 of ele-
ment 1 to flux surface 2 of element 2;
QPP=WI’I - TJ,C=l/(argument 1 val-
ue/kl+(A~AJargument 2 valu~+
Alargument 3 value);T is tempera-
ture,A is area of the element flux
surface, k is element conductivity

‘CONDUCI’IVE QPP, SURFACE 3’
conduction km flux surface 3 of ele-
ment 1 to flux surface 3 of element 2;
QPP=C”(’I’l - T.J,C=I/(argument 1 val-
ue/kl+(A/AJargument 2 value/k2+
Al”argument 3 value);T is tempera-
ture,A is area of the element flux
surface, k is element conductivity

1: (W-L jehl) for flux surface 1 of element 1,
~, jeh2) for flux surface 1 of element z
(see NFLUXA in Block 10 data)
2 argument 1 IFN # = (l-elYel, argument 2
IFN # = (1-~~, argument 3 IFN #‘ l/f12;
e is emissivity, and f12 is the view factor
from element 1 to element 2 flux surfaces
1: (KI-I, jehl) for flux surface 2 of element 1,
(ICI-I,jeh2) for flux surface 2 of element 2
(see NFLUXA in Block 10 data)
2: argument 1 IFN # = (l-elYel, argument 2
IFN # = (1-~~, argument 3 IFN # = l/f12;

E is emissivity, and f12 is the view factor
from element 1 to element 2 flux surfaces
1: (KI-I, jehl) for flux surface 3 of element 1,
(W-I, jeh2) for flux surface 3 of element 2
(see NFLUXA in Block 10 data)
2: argument 1 IFN # = (l-EIYE1, argument 2
IFN # = (1-~y~, argument 3 IFN # = l/f12;

e is emissivity, and f12 is the view factor
from element 1 to element 2 flux surfaces
1: (W-I, jehl) for flux surface 1 of element 1,
(W-I, jeh2) for flux surface 1 of element 2
(see NFLUXA in Block 10 data)
2: argument 1 IFN # = &cl, argument 2 IFN

# = AX2, argument 3 IFN # = l/(hA)C; h is
conduction length, and I/(h”A)Cis the
contact resistance between element 1 and
element 2 flux surfaces
1: @H, jehl) for flux surface 2 of element 1,
(KI-I, jeh2) for flux surface 2 of element 2
(see NFLUXA in Block 10 data)

!Z argument 1 IFN # = &cl, argument 2 IFN

# = AX2, argument 3 IFN # = I/(hA)=; &is
conduction length, and l/(h”A)Cis the
contact resistance between element 1 and
element 2 flux surfaces
1: (HI, jehl) for flux surface 3 of element 1,
~, jeh2) for flux surface 3 of element 2
(see NFLUXA in Block 10 data)
2: argument 1 IFN # = &l, argument 2 IFN

# = AX2, argument 3 IFN # = V(h-A)C; & is
conduction length, and l/(h”A)c is the
contact resistance between element 1 and
element 2 flux surfaces
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ID
167

168

169
170

,M@. :::.$R6M$tiiiiRtiwu~#
Default Name/Description

‘RADIATIVE QPP, BC’
radiation from a flux boundary of one
structure to a flux boundary of anoth-
er structure; QPP=C. @’I’14 - T24),
C= I/(argument 1 value+argument 2
value+argument 3 value);T is
temperature

‘CONDUCTIVE QPP, BC’
conduction from a flux boundary of
one structure to a flux boundary of
another structure; QPP=C(’I’l - TJ,

C=l/(AXfi1+(A~AJVk@k2+ A1”=g-
ument 1 value);T is temperature, Ax
is conduction length, A is area of the
flux boundary, k is element
conductivity
currently not in use
currently not in use

..;,..:,:..,...::..........:,........ .::..::,.:.:~nl~titiwtiwvw$%m”,,,,,.,.:,,,,,.,,,.,:,.,.,.,:,:,:,.::,:
description for each line

1: (KI-i, end#) for the first flux boundary,
(I@ end#) for the second flux bound+
(see FLUXBCn in Block 10 data)
2 argument 1 IFN # = (l-elYE1, argument 2
IFN # = (A~AJ{l-@~, argument 3 IFN #
= l/f12; e is emissivity, and f12 is the view
factor fmm first flux boundary to second
flux boundary, A is area of the boundary
flux surface
1: (KI-I, end#) for the first flux boundary,
(ICI-I,end#) for the second flux boundary
(see FLUXBCn in Block 10 data)
2: argument 1 IFN # = l/(h”A)C; I/(hA)= is
the contact resistance between the first and
second flux boundaries

NOTE: some of the supplemental variables are not explicitly defined in the Block data input;
these variables (listed in lower case) are defined here:

●

●

●

●

●

●

●

●

●

●

●

idgae: the gas ID number based on the order the gases are listed on line19 of Block
2 data
igas: the gas constituent number based on the order the gases are listed on line 18
of Block 2 data
i: the fluid mechanics node ID number based on Block 3 data
ilocal: the fluid mechanics local node number (either 1 or 2) based on Block 3 data
jeh: the structure finite element number based on the order the elements are listed
in Block 10 data
jex: the exchange surface number for convection based on the
surfaces are listed in Block 10 data
end the boundary end number (1 or 2) for variables that
boundaries of heat transfer structures in Block 10 data
ih: the structure node ID number based on Block 10 data

order the exchange

are defined at the

igroup: the delayed neutron precursor group ID number based on the order the
groups are li~d in Block 13 data
igroupd: the decay heat group ID number based on the order the groups are lieted
in Block 13 data
kreac: the feedback term number based on the order the feedback terms are listed
in Block 13 data
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Appendix C:
Heat Transfer Coefficient Correlation Identification
Numbers

~ mB%:4iw:EBtimE16%:
ID Correlation’”f;Descriptio~AUX] Range flow fluid

1 CcnmtantSurface FIux1; fully developed Pr>O.6 lam gaqd.i~

2 Constant Surface Temperature; fully developed Pr>O.6 lam ga@q-
3 Hausen2; thermally fully developed with Pr>>l or lam gaq/liq

entrance effects unheated
[AUX=distance from entrance] entrance

4 Modified Sieder & Tate2; with entrance effects Re”PrD/DIO lam gas
[AUX=distance from entrance] 0.48<%16700

5 Modified Sieder & Tate2; with entrance effects RePr-Dm10 lam liquid
[AUX=distance from entrance] 0.4<% 16700

6 Petukhov2; consistent with friction factor lE4<Re<5E6 tur gas
correlation for smooth surfaces 0.5<H2000

7 Petukhov2; consistent with fiction factor lE4<Re<5E6 tur liquid
correlation for smooth surfaces 0.5<FH2000

8 Colburn2 E4<Re<E6 tur lT@q
0.7<F5460

9 Dittus-Boelte$ E4<Re<E6 tur @@l
o.7<prc160

Tw-T<6 liquids
Tw-T<60 gases

10 Sieder & Tate2 lE4dle<lE6 tur gas
0.7<M160

11 Sieder & Tate2 lE4<Re<lE6 tur liquid
0.7<% 160

12 Taylo~; with entrance effects tur gas
[AUX=distance from entrance]

13 Nusselt2; with entrance effects lo<L/D<400 tur gati~

14 Netter & Sleiche~ E4<Re<E6 tur gdq
o,l<Pr@i

15 Organic Fluid Flo@ tur organ

16 Skupinskil; constant surface flux; liquid metals 3.6E3cRe<9E5 tur Liqmet
in smooth circular tubes 100<Pe<lE4

17

18

19

I/D>lo

Seban & Sh.imazakil; constant surface temper- Pe>100 tur
ature; liquid metals in smooth circular tubes I-/D>6o

Azer & Chao2; constant surface temperatum; Pe>15000 tur
liquid metals in tubes *O. 1
Slieche~; constant surface temperature; liquid Re<5E5 -
metals in tubes 0.004<M001
currently not in use . .

currently not in use . .

currently not in use

liqmet

liqmet

liqrnet
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26

27

28

29

30
31

32

33

Correlation’’f;Descriptio~AUX]
Constant
JAUX=heat transfer ccwfficient]
Generic 1; htc=A~ ITWdl-TfltidI
JAUX=constant]
Generic 2; htc=A~ ITW~-Tfltid 10“2
JAUX=constant]
Generic 3; htc=AUX. ITWdl-TfltidI‘“X
~AUX=constant]
Generic 4; htc=A~flWw+Tfltid~.O
JAUX=constant]
Generic 5; htc=AWRe0”8
JAUX=constant]
Radiative; hti=u”A~@W~+@fltid)flW~+Tfl~d)
[AUX=e for convex surface enclosed by large
concave surface, or AUX=l/((l-elYel + l/f12 +

(A/AJ(l-~aJ; e is the surface emissitity, flz is
the view factor from surface 1 to surface 2, u is
the Stephan-Boltzmann constant (5.67E-8
W/m2”K4) and A is the surface area]

Range

.

.

currently not in use
user-supplied htc #1; user must modify
subroutine UHTC
user-supplied htc #2; user must modify
subroutine UHTC
user-supplied htc #3; user must modify
subroutine UHTC

-
iwsi?ii
Fix

.

.

.

fluid
.

.
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“:”P$fm{mtive*u*!i”.:”,:;”,:,:”:w’”?“ ‘ ~‘:’’” ““”““‘~.:.’:
ID Correlation’”f;Descriptio~AUX]
34 Denton6; flow over packed bed with porosity=O.37

i

35
36
37

3s

39

40
41
42
43

Jeschar7; flow over packed bed
Achenbach8; flow over packed bed
Beekg; heat transfer from wall of packed bed of
cylinders to a gas
Beekg; heat transfer from wall of packed bed of
spheres to a gas
Packed Bed Flowl; flow over packed bed
[AUX=l.O for spheres, AUX=O.79 for cylinders
with I-/D =1, AUX= 0.71 for cubes]
currently not in use
currently not in use
Flow Over A Sphere lO;modified for Pr variations
Whitakerl; flow over a sphere

44 Whitaker*; flow over a sphere

45 I Witteg; liquid metal flow over a sphere
46 I llanz & Marshalll: convection from a free falling

liquid drop
47 Modified Ranz & Marshalll; convection from a

free falling liquid drop with oscillations
[AUX=falling distance]

48 currently not in use
49 Hilpertl; cylinder in cross flow
50 Hilpertl; cylinder in cross flow
51 I Hilpertl; corner-on square in cross flow
52 I Hilpertl; flat-on square in cross flow
53 I Hilpertl; corner-on hexagon in cross flow
54 Hilpertl; flat-on hexagon in cross flow

55 Hilpertl; vertical flat plate in cross flow
56 Zhulkauskasl; cylinder in cross flow

57 Zhulkauskasl; cylinder in cross flow

5s Churchill & Bernstein; cylinder in cross flow
59 Churchill & Bernstein; cylinder in cross flow
60 Zhulkauskasl; aligned cylindrical tube bank in

I cross flow

61 Zhulkauskasl; aligned cylindrical tube bank in
cross flow

62 Zhulkauskasl; staggered cylindrical tube bank in
cross flow
[AUX=O.4 if St/Sl>2 and AUX=0.35{SVSl)0”2 if
SVSI<2; St is transverse pitch (1 to flow), S1 is
longitudinal pitch ( I I to flow)]

““”’”::“:EMkiii&rFiifw

ikiiEE
40<Re<2000 - I gas

40<Re<2000 - Igas

1 .1-

1-1-

17<Re<7E5 I . [ gas
3.5<Re<7.6E4 I - gas

+

1-1-

0.4<Re<4E5 - g
0,4<Re<4E5 - liq~d
5E3<Re<lE5 - gas
5E3d3e<lE5 - gas
5E3<Re<lE5 - gas
5E3<Re<lE5 - gas

4E3cRe<l,5E5 . gas
l<Re<lE6 - gas

0.7<%+500
1<RS<1E6 - liquid

0.7<PK500
Re”Pr>o.2 - g
Re”Pr>o.2 - Iiq%d

lE3<Re<2E6 - gas
007<PK500

lE3<Re<2E6 - liquid
o.7<Pr600

1E3<Rsc2E6 - gas
o.7@r600
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ID
63

64
65
66

67

68

69

70

71

72

73

74

75

~:~fi~g~~g~~~~~-
.. .. ..........,,,,,,,,.,

Correlation’”f;Descriptio~AUX]
Zhulkauskasl;staggered cylindrical tube bank in
cross flow
[AUX=O.4 if St/Sl>2 and AUX=0.35@t@l)02 if
St/Sl<2; St is transverse pitch (1 to flow), S1is
longitudinal pitch ( I I to flow)]
currently not in use
currently not in use
Flow Over a Flat Platel; local, set EDH to the
distance from plate leading edge to the center of
the fluid mechanics element
Flow Over a Flat Platel; local, set EDH to the
distance from plate leading edge to the center of
the fluid mechanics element
Flow Over a Flat Platel; average, set EDH to the
plate length
Flow Over a Flat Platel; average, set EDH to the
plate lenfih
Flow Over a Flat Platel; local, set EDH to the
distance from plate leading edge to the center of
the fluid mechanics element
Flow Over a Flat Platel; local, set EDH to the
distance from plate leading edge to the center of
the fluid mechanics element
Flow Over a Flat Platel; average, set EDH to the
plate length
[AUX=0.037.ReC06 - 0.664Rec05; ReCis the
critical Reynolds number, usually = 5E5]

Flow Over a Flat Platel; average, set EDH to the
plate length
[AUX=0.0370ReC0”8- 0.6640ReC05;ReCis the
critical Reynolds number, usually = 5E5]

Liquid Metal Flow Over a Flat Platel; local, set
EDH to the distance from plate leading edge to
the center of the fluid mechanics element
currentlv not in use

~Ene., .............y.:::...:::::.<::x’L.......................... .::,.::.::;.~:
....................?,,.,.%

T1E3<Rs<2E6 -
0.7<M500

I
.

Pr>O.6 lam

PrXL6 lam

Pr>O.6 I lam

T
5E5cReclEX 1*

0.6<%430 tur

T
5E5cRe<lE6 ld

0.6<PA30 tur

1-

=

fluid
liquid

gas

liquid

gas

liquid

gas

liquid

gas

liquid

liqmet

Appendix C -- page 101



77

78

79

80

81

82

83

84

85

Correlation’”f;Descriptio~AUX]
Churchill& Chul:*e convectionhm avertical
surface, or non-vertical surface if angle is less
than 600 (measured from vertical)
[AUX=L3.COS(f3);L is surfacelength, and 6 is the
angle from vertical]
Churchill& Chul; free convectionfrom a vertical
surface, or non-verticalsurfaceif angleis less
than 6(P (measured I%omvertical)
[AUX=p”L30cos(0); IIis volumetric coefficient of
thermal expansion, L is surface length, and 0 is
the angle fkom vertical]
Churchill & Chul; free convection from a vertical
surface
[AUX=L3; L is surface length]
Churchill & Chul; free convection iYom a vertical
surface
[AUX=IYL3; f3is volumetric coefficient of thermal
expansion, and L is surface length]
McAdamsl; free convection from a horizontal
plate; either the upper surface of a heated plate
or the lower surface of a cooled plate
[AUX=L3; L is surface length; use L=A@, As is
surface area and P is surface perimeter]
McAdamsl; free convection from a horizontal
plate; either the upper surface of a heated plate
or the lower surface of a cooled plate
[AUX=IYLS; Bis volumetric coefficient of thermal
expansion, L is surface length; use GA@, As is
surface area and P is surface perimeter]
McAdamsl; free convection from a horizontal
plate; either the upper surface of a cooled plate or
the lower surface of a heated plate
[AUX=L3; L is surface length; use L=A@, As is
surface area and P is surface perimeter]
McAdamsl; free convection from a horizontal
plate; either the upper surface of a cooled plate or
the lower surface of a heated plate
[AUX=~”L3; p is volumetric coefficient of thermal
expansion, L is surface length; use L-As#P, As is
surface area and P is surface perimeter]
Morganl; free convection from a horizontal
cylinder
[AUX=D3; D is diameter of cylinder]
Morganl; free convection from a horizontal
cylinder
[AUX=pOD3; p is volumetric coefficient of thermal
expansion, and D is diameter of cylinder]

0<Ra<lE9
(3<W

all Ra

all Ra

lE4<Ra<lEll

IE4<Ra<lEll

lE5<Ra<lElo

lE5<Ra<lElo

lE-lo<Ra<lE12

lE-lod?a<lE12

1*
tur

m

fluid
gas

liquid

gas

liquid

gas

liquid

gas

liquid

gas

liquid
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ID Correlation’”f;Descriptio~AUX] Range flow fluid
88 Churchill& Chul;free convection fmm a lE5<Ra<lE12 - gas

horizontal cylinder
[AUX=D3; D is diameter of cylinder]

87 Churchill & Chul; free convection from a lE-5<Ra<lE12 - liquid
I horizontal cylinder I II
I [AUX=~.D3; IIis volumetric coefficient of themal I II

expansion, and D is diameter of cylinder]
88 Churchill & Chul; free convection from a sphere Ra>lEll -

[AUX=D3; D is diameter of sphere]
gas

Pr>o.7
89 Churchill & Chul; free convection from a sphere W>lE1l - liquid

I [AUX=60D3; 13is volumetric coefficient of thermal I RX.7 11-
expansion, and D is diameter of sphere]

90 currently not in use .

Appendix C -- page 103



1.

2.

3.

4.

5.

6.

7.

8.

9.

Atmendix C ~ferences

Incropera, F. P. and D. P. DeWitt, Introduction to Heat Transfer, (John
Wiley & Sons, Inc., 1985).

Chapman, A. J., Fundamentals of Heat Transfer, (Macmillan Publishing
Company, 1987).

Taylor, M. F., Correlation of Local Heat-Transfer Coefficients for Sin~le-
Phase Turbulent Flow of Hvdro~en in Tubes with Temperature Ratios to
~ NASA TN D-4332, Jan. 1968.

Ozisik, M. N., Basic Heat Transfer, (McGraw-Hill, 1977).

E1-Wakil, M. M., Nuclear Heat Transport, (The American Nuclear Society,
1978).

Eckert, E. R. G. and R. M. Drake, Analvsis of Heat and Mass Transfer,
(Hemisphere Publishing Corporation, 1987).

J. Radestock and R. Jeschar, “Study of the Flow Through the Column of
Charges in the Blast Furnace,” Stahl u. Eisen, 90, (1970, p.1249).

Achenbach, E., “Heat Transfer and Pressure Drop of Pebble Beds Up to
High Reynolds Number,” Int. Heat Transfer Conf, (Munich, 1982).

Kreith, F. and M. S. Bohn, Princides of Heat Transfer, (Harper& Row,
Fourth Edition, 1986).

10. Karlekar, B. V. and R. M. Desmond, En~ineerin~ Heat Transfer, (West
Publishing Company, 1977).

Appendix C -- page 104



Appendix D:
Sample User-Defined Subroutines

This appendix provides examples of user-defined subroutines and should
beusedas aguide for creating specific-purpose programming for use within
SAFSIM.
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09-02-92 14:36:08 SAFSIHU. FOR
Thu 09-03-92 11:21:17 UFUN

Pg 1
of 12

1-81

1 c ******** ***** ********************************************* ********

; ~ THIS FILE CONTAINS SUBROUTINES AND FUNCTIONS THAT CAN BE MODIFIED
4C BY THE USER TO MEET SPECIFIC NEEOS .
5 C MANY VARIABLES IN THE CALLING STATEMENTS HAVE BEEN PROV1OED TO ‘
6C PROVIDE FLEXIBILITY TO THE USER. MANY OF THESE MAY NOT BE USEO ANO

UILL GENERATE A COMPILER UARNING THAT SHWLD BE IGNORED.
::
9 C LIST OF FUNCTIONS AND SUBROUTINES THAT CAN BE MCOI FIEO BY THE USER:

10 c FUNCTION
11 c

DESCRIPTION
UFUN FUNCTIONS FOR USE UITH FUNCTION CONTROLLED VARIABLES

12 c UEOS EOUATIW OF STATE FOR CALCULATION OF FLUID OENSITY
13 c UCP CONSTANT PRESSURE SPECIFIC HEAT FOR FLUIO
14 c Ucv CONSTANT VOLUNE SPEC 1F1 C HEAT FOR FLUIO
15 c UCONO CONDUCTIVITY FOR FLUIO
16 C UVIS VISCOSITY FOR FLUID
17 c SUBRCUT 1NE DESCRIPTION
18 C UHTC HEAT TRANSFER COEFFICIENTS
19 c UPR I N PROGRAMMED REACT I VI TY INPUT FOR REACTOR OYNAMI CS
20 c UPRINIT PROGRAMMED REACT IV] TY I NI T lAL 1ZAT ION FOR REACTOR DYNAMICS
21 c UPR PROGRAMMED REACT lVI TY CALCULATIONS
22 c
23 C
24 C
25 C
26 C
27 C
28 C
29
io c
31 c
32 C
33 c
34 c
35 c
36 C
37 c
38 C
39
40 c
41
42
43
44
45 c
46
47 c
48
49
50
51
52
53
54
55
56 C
57 c
58 C
59 c
60 C
61 C
62 C
63 C
64
65
66C
67 C
68
69
70

$;

E
7s
76
77
78
79C
80
81

UIN SPECIAL-PURPOSE INPUT
UOUT SPECIAL-PURPOSE WTPUT

******** ***** *********************************************

FUNCTION UFUN(IUSN, IU, NAF)

EVAULATE USER- SUPPL I EO FUNCT IONS

CALLED BY SUBROUTINE(S): FUP

CALLS SUBROUTINE(S): NONE

CALLS FUNCT IONS: NONE

IMPLICIT REAL*8 (A-H, O-Z)

********

PARAMETER (HAXFCV=200, MAX F=200 MAX FCON=25 ,MAXFTAB=25 ,MAXFPOL=25 )
PARAMETER (MAXPAI R=30, NAXORP1 =$ )
PARAMETER (MAXFTAV=lO, MAXFTE=1OO)
PARAMETER (MAXFOAV=lO, MAXFDE=1OO)

CHARACTER FNAME*28

cm/FoATA/I FN(HAxF), IF Io(uxF),lPNTRF( MxF,6), FNME(MAxF),
+ FM(MxF), FvALuE(o-mxF:MAxF ), Fcm(MAxFca), LF(mxF,4),
+ FTABX(MAXFTAB, MAXPAIR), FTABY(MAXFTAB, MAXPAIR) ,
+ FPOL(MAXFPOL, MAXORP1), IAFNF(MAXF,6),
+ IHSN(MAXFTAV,MAXFTE ), IEN(MAXFTAV,HAXFTE),
+ TUF(MAXFTAV. HAXFTE) . INUN(MAXFOAV. MAXFDE) .
+ I FEN(MAXFOAV,MAXFOE j ,0UF(MAXFOAV;F4AXFOE);
+ NFSYS, NFFM,NFHT, NFRD

[USN IS USER FUNCTION NUMBER 1,2,3,4, OR 5
[U IS THE FUNCTION IO NUMBER ANO
NAF IS THE NUMBER OF ARGUMENT FUNCTIONS

ARGUMENT FUNCTION ID NUMBERS ARE STORED IN IA= IPNTRF( IU, L+l ),
WHERE L=l THRU NAF (5 MAX).

GO TO (101,102,103,104,105), I(JSN
101 CONT 1NUE

dRHO/dT FOR THE Be MOOERATOR BASED ON A CURVE FIT OF DATA;
FVALUE( IA) 1S THE AVERAGE MODERATOR TEMPERATURE.

IA= IPNTRF(IU, NAF+l)
UFUN=-9.760-5+4 .439& -8* FVALUE( IA)+(O. O4O958l99DO+

+ 1. 17507457700 /FVALUE( IA))/FVALUE( 1A)
RETURN

102 CONT 1NUE
RETURN

103 CONTINUE
RETURN

104 CONTINUE
RETURN

105 CONTINUE

RETURN
END
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09-02-92 14:36:08 SAFSIHLI. FOR
Thu 09-03-92 11:21:17 UHTC

82 C
83 c ******** ***** ********************************************* ● *******
84C
85
86C
87 C
88C
89 C
90 c
91 c
92 C
93 c
94 c
95 c
96 C
97 c
98 C

lE :
101 c
102 c
103 c
104 c
105 c
106 C
107 c
108 C
109 c
110 c
111 c
112 c
113
114 c
115
116
117
118 C
119 c
120 c
121 c
122
123
124
125
126
127
128 C
129
130 c
131
132
133 c
134
135 c
136
137 c
138 C
139
140
141 c

SUBRWTINE UHTC(IUS, OF, OH, AUX, PF, FF, RE, PR, CD, V, D, TU, T, AGRAV, USH

USER -SUPPLIED SUBROUTINE TO IMPLEMENT SPECIAL HEAT TRANSFER COEFFICIENT
CORRELATIONS; THE USER CAN H~IFY THIS SUBRWTINE AS OESIREO

DEFINITIONS:
I US IS THE USER -SUPPLIED CORRELATION NUMBER: 1,2, OR 3
OF IS THE CHARACTERISTIC LENGTH FOR FLW
DH 1S THE CHARACTERISTIC LENGTH FOR HEAT TRANSFER
AUX 1S ANY AUXILIARY DATA REOUIREO BY THE CORRELATION
PF IS THE PACKING FRACTION FOR POROUS MEDIA FLOU ELEMENTS
FF IS THE FRICTION FACTOR
RE IS THE REYNOLOS NLB!BER BASED ON DH
PR IS THE PRANOTL NLIWER
CO IS FLUIO CONDUCTIVITY
V IS FLUIO VISCOSITY
O 1S FLUID OENSITY
TU IS THE UALL TEMPERATURE
T IS THE FLUID TEMPERATURE
AGRAV IS THE ACCELERAT ION OUE TO GRAVITY
USH IS THE CALCULATE USER-SUPPLIEO HEAT TRANSFER COEFFICIENT

CALLEO BY SUBROUTINE: NONE
CALLEO BY FUNCTION(S): HTCCOR

CALLS SUBROUTINE(S) :

IMPLICIT REAL*8 (A- H,O-Z)

GO TO (1,2,3), IUS
USH=l .00-12

1 CONTINUE
EXAMPLE :
MIXEO CONVECTION IN A HORIZONTAL PIPE (TURBULENT GAS FLOU);

AUX MUST BE ENTEREO AS THE LENGTH
CHAPMAN , P .395

vF=v*(TF/T)**o.7
TF=(T+TU)*O.500
O=O*T/TF
GR=AGRAV*(AUX**3 )*( 0**2)*DABS(TU-T )/( TF*VF**2)
USH=CO/DH*4.6V( RE**0.27)*(PR** 0.21)*(GR**0. O7)*(OH/AUX)**O.36
RETURN

2 CONTINUE
PLACE USER-SUPPLIEO FORTRAN HERE

USH=l .00-12
RETURN

3 CONTINUE
PLACE USER-SUPPLIED FORTRAN HERE

USH=l .00-12

RETURN
ENO

142 c ******** ***** ********************************************* ● *******

143 c
144 SUBROUTINE UPRIN(KR)
145 c
146 C USER- SUPPLIEO SUBROUTINE TO READ IN OATA TO BE USEO IN THE CALCULATION
147 c OF PROGRAMMED REACTIVITY. KR IS THE REACTOR #.
148 C THIS SUBRWTINE IS MEANT TO BE MOO1FIEO BY THE USER TO IMPLEMENT
149 c CAPABILITIES SPECIFIC TO HIS NEEOS. EXAMPLES ARE PROVIOED TO GUIOE
150 c THE USER IN AOOING HIS CA4N PROGRAM. USE ARRAYS IN CM40N BLOCK PROATA.
151 c SEE ALSO: UPRINIT, UPR
152 C
153 C CALLEO BY SUBRWTINE(S) : INPUT
154 C CALLEO BY FUNCTION(S): NONE
155 c
156 C CALLS SUBRWTINE(S):
157 c
158 C
159 IMPLICIT REAL*8 (A- H,O-Z)
160 C
161 PARAMETER (MAXONG=25 ,MAXDHG=15 ,MAXRX=3, MAXREAC=1O)
162 PARAMETER (MAXPAIR=30)

Pg 2
of 12
82-162
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Thu 09-03-92 11:21:17 UPRINIT

Pg 3
of 12

163-243

163 C
164
165
166 c
167
168
169
170
171
172
173
174
175
176

;Z
179
180
181
182
183

+

+
+
+
+
+
+
+
+
+
+
+
+

+

CHARACTER RXNAME*24, FBNAME*l 2
CHARACTER RESTART*4

C_/EXECl/TSTART, TEND, TIME, TIMESTEP, DELT, PRNTINT, ISTEP,
ISTART,l PRINT, TIMPRNT, NPLT, NDUMP,RESTART

CC#OION/RDDATA/NRX , NDNG(MAXRX) , NDHG(HAXRX) , RXNAME(MAXRX) ,
BETA(HAXRX), OMEFRAC(MAXRX), GENT IME(MAXRX),
RDN(MAXRX), SWRCE(MAXRX), XLAM(MAXONG, MAXRX),
BETAG(HAXONG, MAXRX), CDN(MAXDNG, MAXRX), lSRD(HAXRX) ,
XLAMH(MAXDHG, MAXRX), EFRACG(MAXDHG, MAXRX),
COH(MAXOHG, MAXRX), NREAC(MAXRX), DREAC(MAXREAC, MAXRX),
REACT (MAXRX), DTRDMIN(MAXRX), DRERRR(MAXRX),
OELTR(MAXRX) ,NPRNTRO(MAXRX), RDNE(HAXRX) ,RDNO(MAXRX),
OELTRL(HAXRX), CDNO(MAXDNG, WXRX), CDHO(WXOHG, WXRX),
DTROHAX(MAXRX), RONEO(MAXRX), RDST1(MAXRX) ,PRI (MAXRX),
AUXRO(3, MAXRX), KSOLVE(MAXRX), RERRR(MAXRX),
DREACI (HAXREAC, MAXRX), PER INV(MAXRX) ,PERINVE(MAXRX),
DREACI T(MAXRX ) , FBNAME(MAXREAC, HAXRX)

COWON/PRDATA/KOPTPR (MAXRX) , NPA1 RSPR(HAXRX) ,ORHIX)T(MAXRX) ,
XTPR(MAXRX. MAXPAIR) ,YPR(MAXRX. HAXPAIR) . IPR(MAXRX)

184.-.
185 C
186 c
187
188 101 CONTINUE - -
189 C MI T-SNL MINIMUM TIME CONTROL LAU #1:

COMHti/ROCONS/CONN (tiXRX), CONC@AXDNG, tiXRX), FC(15), FCA(9)

GO TO (101,102). NPAIRSPR(KR)

190 C INPUT: TARGET POUER, TARGET PCAJER/INITITAL POUER,
191 c TARGET TIME INTERVAL, A CONSTANT, MAX dRHO/dt
192 C TARGET POUER IS THE DESIRED POWER TO BE REACMEO UITHIN THE TARGET
193 c TIME INTERVAL. THE CONSTANT EQUALS N*DT UHERE N 1S THE NUMBER OF
194 c TIMES TO UPDATE INVERSE PERIOD RATE PER CONTROL LAU CYCLE TIME, OT.
195 c THIS IS BASEO ON DIGITAL IMPLIFiENTATION OF THE CONTROL LAU.
196 C MAX dRHO/dt IS MAX ALLOUED INSERTION RATE IN DIMENSIONLESS UNITS
197 RE~(5, *) XTPR(KR,l ), XTPR(KR,2), XTPR(KR,3), XTPR(KR,4), XTPR(KR,5)
198 RETURN

102 CONT 1NUE
% C MI T-SNL MINIMUM TIME CONTROL LAW #2:
201 C INPUT(LINE1): TARGET POUER, TARGET POUER/INITITAL PC41ER,
202 c TARGET TIME INTERVAL, A CONSTANT, MAX ROTATION RATE
203 C INPUT (L INE2): INITIAL DRUM POST ION
204 C TARGET POUER IS THE DESIRED POUER TO BE REACHED UITHIN THE TARGET
205 C TIME INTERVAL. THE CONSTANT EQUALS N*DT WHERE N IS THE NUMBER OF
206 C TIMES TO UPDATE INVERSE PERIOD RATE PER CONTROL LAU CYCLE TIME, DT.
207 C THIS IS BASED ON OIGITAL IMPLEMENTATION OF THE CONTROL LAW.
208 C MAX ROTATION RATE 1S MAX ALLCAJED ORUM ROTATION RATE IN radians/s
209 C INITIAL ORUM POSITION (radians)
210 c NOTE: A POSITIVE ROTATION IS CLOCKUISE AND GIVES A NEGATIVE
211 c REACTIVITY INSERTION (ROTATES POISON TOWARD CORE)
212 c ALSO, AUXRD(l, KR) IS THE MAX DRUM REACTIVITY MORTH WHICH CAN BE
213 C FUNCT ION CONTROLLED
214 RE~(5, *) XTPR(KR,l ), XTPR(KR,2), XTPR(KR,3), XTPR(KR,4), XTPR(KR,5)
215 C INITIAL DRUM POSITION (radians)
216 REAO(5,*)YPR(KR,2)
217 C
218 C
219 RETURN
220 ENO
221 c
222 c ******** ***** ********************************************* ● *******

223 c
226
225 C
226 C
227 C
228 C
229 C
230 C
231 C
232 C
233 C
234 C
235 C
236 C
237 C
238 C
239
240 c
241
242
243 C

SUBROUTINE UPRINIT(KR)

USER- SUPPLIEO SUBRWTINE TO INITIALIZE OATA TO BE USED IN THE
CALCULAT ION OF PROGRAMMED REACTIVITY. KR I S THE REACTOR #.
THIS SUBRIWTINE IS MEANT TO BE MOD] FIEO BY THE USER TO IMPLEMENT
CAPABILITIES SPEC1 FIC TO HIS NEEDS. EXAMPLES ARE PROVIDED TO GUIDE
THE USER 1N ADD I NG H 1S OWN PROGRAM. USE ARRAYS IN CW4MON 8LOCK PRDATA .
SEE ALSO: UPRIN, UPR

CALLED BY SUBRWTINE(S): INIT
CALLED BY FUNCTION(S): NONE

CALLS SUBRWTINE(S) :

IMPLICIT REAL*8 (A- H,O-Z)

PARAMETER (MAXONG=25 , MAXDHG=15 ,MAXRX=3 , MAXREAC=l O)
PARAMETER (MAXPAI R=30)
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244-324

244
265
246 C
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265 C
266 c
267

+

+
+
+
+
+
+
+
+
+
+
+
+

+

CHARACTER RXNAME*26, FBNANE*12
CHARACTER RESTART*4

COWON/EXECl/TSTART, TENO, TIME, TIMESTEP, OELT, PRNTINT, ISTEP,
ISTART, lPRINT, TIMPRNT, NPLT, NDUMP, RESTART

COWON/RDDATA/NRX, NONG(MAXRX) , NOHG(HAXRX) , RXNAME(MAXRX) ,
BETA(MAXRX), WE FRAC(MAXRX), GENT IME(MAXRX),
RDN(MAXRX) , SOURCE (MAXRX) ,XLAM(MAXONG, MAXRX) ,
BETAG(MAXDNG, MAXRX) , CDN(MAXONG, MAXRX) , I SRO(MAXRX) ,
XLAMH(MAXOHG, MAXRX) ,EFRACG(MAXOHG, MAXRX) ,
CDH(MAXDHG, MAXRX), NREAC(lIIAXRX), OREAC(MAXREAC, MAXRX),
REACT (MAXRX), OTROMIN(NAXRX) ,DRERRR(MAXRX) ,
DELTR(MAXRX), NPRNTRO(MXRX), RDNE(MAXRX), RDNO(UXRX),
OELTRL(MAXRX), CONO(MAXONG, MAXRX), COHO(HAXOHG, MAXRX),
OTROMAX(MAXRX), RONEO(~XRX), ROSTl(~XRX), PR1(*XRX),
AUXRO(3, HAXRX) , KSOLVE(MAXRX) , RERRR(HAXRX) ,
OREACI (MAXREAC ,MAXRX) , PER I NV(MAXRX) , PER I NVE(MAXRX ) ,
OREACI T(MAXRX) , FBNAME(NAXREAC, MAXRX)

COXNON/PRDATA/KOPTPR (MAXRX) , NPAI RSPR(NAXRX) ,ORHOOT(MAXRX) ,
XTPR(MAXRX. MAXPAIR). YPR(MAXRX. MAXPAIR). IPR(MAXRX)

CCW40N/RDCOiJS/CONN (tiXRX), CONC@AXDNG, tiXRX), FC(15), FCA(9)

GO TO (101,102), NPAIRSPR(KR)
CC3NT1NUF

---
268 101 . . . . . . . .
269 C HIT-SNL MINIMUM TIME CONTROL LAU #1:
270 C DESIREO INVERSE PER1OO
271 YPR(KR,l )=OLOG(XTPR(KR,2 ))/XTPR(KR,3)
272 RETURN
273 102 CONTINUE
274 C MI T-SNL MINIMUM TIME CONTROL LAU #2:
275 C OESIRED INVERSE PER1OO
276 YPR(KR,l )=oLOG(XTPR(KR,2 ))/XTPR(KR,3)
277 c YPR(KR,3) 1S THE INITIAL DRUM WRTH BASED ~ INITIAL ANGLE, ypR(KR,2)
278 YPR(KR,3)=AUXRO( 1, KR)*OCOS(YPR(KR,2))
279 c
280 C
281 RETURN
282 ENO
283 C
2&$ c ******** ***** ********************************************* ********

285 C
286 SUBRWTINE UPR(KR, PR, DT)
287 C
288 C USER -SUPPL I EO SUBRWT I NE TO BE USEO FOR THE CALCULAT ION
289 C OF PROGRAMMED REACTIVITY. KR IS THE REACTOR #, OELTR IS THE
290 C PREVI WS REACTOR OYNAMI CS T IMESTEP ANO PR 1S THE PROGRAMMED
291 C TIME-DERIVATIVE REACTIVITY TO BE DETERMINED (dRHO/dt).
292 C THIS SUBROUTINE IS MEANT TO BE MfMI FIEO BY THE USER TO IMPLEMENT
293 C CAPABILITIES SPECIFIC TO HIS NEEOS. EXAMPLES ARE PROVIOEO TO WIDE
294 C THE USER IN ADDING HIS WN PROGRAM.
295 C SEE ALSO: UPRIN, UPRINIT
296 C
297 C CALLEO BY SUBRWTINE(S) : NONE
298 C CALLED BY FUNCTION(S): PROGOR
299 C
300 c
301 c
302 C
303
304 c
305
306
307
308 c
309
310
311 c
312
313
314
315
316
317
318
319
320
321
322
323
324

CALLS

+

+
+
+
+
+
+
+
+
+
+

SUBRWT I NE(S ) :

IMPLICIT REAL*8 (A- H,O-Z)

PARAMETER (MAXONG=25,14AXOHG=15 ,MAXRX=3, MAXREAC=1O)
PARAMETER (MAXPAIR=30)
PARAMETER (SMALLER=l .00- 16)

CHARACTER RXNA14E*24 , FBNAHE*l 2
CHARACTER RESTART*6

CCW!ON/EXECl/TSTART, TENO, TIME, TIMESTEP, DELT, PRNTINT, I STEP,
ISTART, IPRINT, TIMPRNT, NPLT, NOWP, RESTART

CONMON/RDDATA/NRX , NDNG(MAXRX) , NDHG(MAXRX ) , RXNME(MAxRx) ,
BETA(MAXRX), OMEFRAC(MAXRX), GENT IHE(WXRX),
RDN(MAXRX), SWRCE(NAXRX), XLAM(HAXDNG, t4AxRx),
BETAG(MAXONG, MAXRX) , CON(NAXDNG, HAXRX ) , I SRO(HAxRx ) ,
XLMH(NAXOHG, MAXRX) , EFRACG(MAXOHG, MAxRx ) ,
COH(MAXOHG, MAXRX) , NREAC(MAXRX ) ,OREAC(HAXREAC, MAXRX) ,
REACT (MAXRX), OTROMIN(MAXRX), ORERRR(NAxRx),
DELTR(MXRX), NPRNTRO(WXRX), RONE(WXRX), RONO(MAxRx),
OELTRL(MAXRX), ~NO(MAXDNG, MAXRX), CDHO(WXOHG, MXRX),
OTRDMAX(MAXRX), RONEO(XAXRX) ,ROST1 (MAXRX), PRI (MAXRX) ,
AUXRO(3, MAXRX) ,KSOLVE(MAXRX) ,RERRR(MAXRX),
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325 + OREACI (MAXREAC, MAXRX), PER INV(MAXRX), PERINVE(MAXRX) ,
326 + OREACI T(MAXRX) , FBNAME(MAXREAC, MAXRX)
327 COMMON/PROATA/KOPTPR (MAXRX ), NPAI RSPR(MAXRX) ,DRHODT (MAXRX) ,
328 + XTPR(MAXRX, MAXPAIR), YPR(HAXRX, MAXPAIR), IPR(MAXRX)
329 COMMON/RDCONS/CONN (MAXRX ) , CONC(MAXDNG, MAXRX) , FC( 15 ) , FCA(9)
330 c
331 c
332 GO TO (101,102,103), NPAIRSPR(KR)
333 PR=O.000
334 c
335 c
336 1 CONT 1NUE
337 c
338 C
339 c
340 c
341 c
342 C
343 c
344 c
345 c
346 C
347 c
348 C
349 c
350
351
352
353
354
355 c
356
357
358
359
360
361
362
363
364 c
365
366 c
367
368
369
370
371
372
373 c
374
375
376
377 c

MI T-SNL MINIMUM TIME CONTROL LAU #1:

XTPR(KR, 1 ) IS THE TARGET POUER
XTPR(KR,2) 1S THE TARGET POUER/l NITIAL POUER
XTPR(KR.3) 1S THE TARGET TIME INTERVAL
XTPR(KR;4) 1S A CONSTANT THAT EQAULS N*DT WHERE N IS THE NUMBER OF

TIMES TO UPOATE INVERSE PERIOD RATE PER CDNTROL LAW CYCLE TIME, OT.
THIS IS BASED ON DIGITAL IMPLIMENTATIDN OF THE CONTROL LAW.

XTPR(KR,5) 1S THE HAXIMUM-ALLDUED REACTIVITY INSERTIDN RATE (/S)
YPR(KR,l) IS THE INITIAL INVERSE PERIOD; USE THIS VALUE UNTIL

TARGET POUER IS ACHIEVEO ANO THEN USE INVERSE PERI~ OF ZERO.

IF(RDN(KR) .LT. 0.99DO*XTPR(KR,1 ))THEN

E

UH=YPR(KR, 1 )
LSE

uH=l. oo2*((l .000 -RoN(KR)/xTPR(KR,l )))* YPR(KR,l)
NDIF

OETERHINE PRECURSOR-UEIGHTEO EFFECTIVE MULTIGRWP DECAY PARAMETER
XLAMP=O. ODO
D=O.000

c

O 5 KN=l, NONG(KR)
C= CON(KN, KR)*XLAH(KN, KR)
O.o+c
XLAMP=XLAMP+C*XLAM (KN , KR )

5 ONTINUE
XLAMP=XLAt4P/DMAXl (O , SMALLER)

DETERMINE CORRECTIVE TIME RATE OF CHANGE OF INVERSE PER1~
lmoT=(uH-PERINv( KR))/xTPR(KR,4)

NW ESTIMATE NEU dRHO/dt
SUMBL=O. ODO

c

O 10 KN=l, NONG(KR)
SUMBL=SUMBL+BETAG( KN, KR)*(XLAM(KN, KR)-XLAMP)

10 ONTINUE
DPR=(BETA(KR)-REACT (KR))*UH-XLAHP* REACT (KR)-SUMBL+GENT I ME(KR)*

(WOT+UH*(IJH+XLAHP))
LI~IT dRHO/dt TO MAX ALLOUED

PR=DMIN1(DABS(DPR), XTPR(KR,5))
PR=DSIGN(PR, OPR)
RETURN

378 c
379 c
380 2 CONTINUE
381 C
382 C
383 C
384 c
385 C
386 c
387 C
388 c
389 C
390 c
391 c
392 C
393 c
394 c
395 c
396 C
397 c
398 C
399
400
401
402
403
404 c
405

MI T-SNL MINIMUM TIME CONTROL LAU #2 ( INCLUDES ORUM ROTATIONS):

x
x
XTPR(KR,3) IS THE TARGET TIP
XTPR(KR,4) IS A CONSTANT THA

:TPR(KR, 1 ) IS THE TARGET POUER
ITPR(KR,2) IS THE TARGET PWER/lNITIAL PWER

HE INTERVAL
kT EQAULS N*OT UHERE N IS THE NUMBER OF

TIMES 10 UPDATE INVERSE PERICl) RATE PER CONTROL LAU CYCLE TIME. OT.
THIS 1S BASED ON OIGITAL lMPLIMENTATION OF THE CONTROL LAU. -

XTPR(KR,5) IS THE MAX IMUM-ALLOUEO ORUH ROTATION RATE (radians/s)
YPR(KR,l) IS THE INITIAL INVERSE PERIOD; USE THIS VALUE UNTIL

TARGET PWER IS ACHIEVED ANO THEN USE INVERSE PERI~ OF ZERO.
YPR(KR,2) IS THE DRUM ROTATION ANGLE IN radians

NOTE: A POSITIVE ROTATION IS CLOCKWISE ANO GIVES A NEGATIVE
REACTIVITY INSERTION (ROTATES POISON TWARO CORE)

YPR(KR,3) IS THE CURRENT DRUM WRTH
AUXRD(l ,KR) IS THE MAX DRUM UDRTH WHICH CAN BE FUNCTION CONTROLLED

lF(RON(KR) .LT. 0.99DO*XTPR(KR,1 ))THEN

E

UH=YPR(KR, 1 )
LSE

uH=l. oD2*((l .000 -RoN(KR)/xTPR(KR,l )))* YPR(KR,l)
NDIF

DETERMINE PRECURSDR-UEIGHTED EFFECTIVE HLILTIGRMJP OECAY PARAMETER
XLAMP=O. ODO

Appendix D -- page 110



09-02-92
Thu 09-03-92

406
607
408
409
410
411 15
412

14: SO:U5 SAFSIMU. FUR
11:21:17 UIN

Pg 6
of 12

406-486

D=O. CK)O
-DO 15 KN=l ,NDNG(KR)

C=CDN(KN, KR)”XLAM(KN, KR)
D=D+c
XLAMP=XLAJ4P+C*XLAM (KN , KR )

-CONT 1NUE
XLANP=XLAMP/DMAXl (D , SMALLER )

413 C OETERMINE CORRECTIVE TIME RATE OF CHANGE OF INVERSE PERICX)
414 moT=(wH-PERINv( KR))/xTPR(KR,4)
415 C NW ESTIMATE NEW dRHO/dt
416
417
418
419
420
421
422 C
423
424 C
425
426 C
427
428
429 C
430
431 c
432
433
434
435
436
437
438 C
439 c
440 c
441
442 C
443 c
444 c
445
446
447 c
448 C
449 c
450
451 c
452 C
453 c
454 c
455 c
456 C
457 c
458 C
459 c
460 C
461 C
462
463 C
464
465 C
466 c
467
468 c
469 C
470
471
472 c
473
474
:~ c

477 c
478
479 c
480 C
481
482 C
483
484 c
485
486 c

SUMBL=O. ODO
-O 20 KN=l .NONG(KR)

L SWBL=S~BL+tiETiG( KN, KR)*(XLAN(KN, KR)-XLAMP)
20 ONT I NUE

DPR=(BETA(KR)-REACT (KR))*UH-XLAMP* REACT(KR)-SWB1
(WIOT+UH*(UH+XLAMP))

DE~ERMINE &HO/dTHETA
DROTH=-AUXRD(l, KR)*DSIN(YPR(KR,2))

OETERMINE OESIREO DRW ROTAT ION RATE
THOOT=DPR/ORDTH

LIMIT THOOT TO NAX ALLWED
THOOTL=DHIN1 (OABS(THDOT), XTPR(KR,5))
THOOT=DSIGN(THOOTL, THOOT)

DETERHINE NEU ORW POSITION
YPR(KR,2)=YPR(KR,2 )+ THDOT*DT

LIMIT THETA TO GT 0.5 DEGREES ANO LT 179.5 OEGREES
YPR(KR,2)=oM1N1 (3.13287D0, YPR(KR,2))
YPR(KR.2)=DNAX1 (0.00873D0. YPR(KR.2))

.+GENT IME(KR)*

ROLD=YPR(KR , 3)
YPR(KR,3)=AUXRD( 1, KR)*OCOS(YPR(KR,2))
PR=(YPR(KR,3)-RoLo )/oT
RETURN

T03 CONT 1NUE

RETURN
ENO

● ☛☛☛☛☛☛☛ ☛☛☛☛☛ ☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛ ● ☛☛☛☛☛☛☛

SUBRWTINE UIN( IUERR)

THIS SUBROUTINE IS USEFUL FOR SPECIFYING SPECIAL INPUT DATA TO BE
USED IN SUBROUTINE UCUT UH I CH ALLWS SPECIAL WTPUT OATA TO BE
URITTEN TO FILE SAFSIH.W (UNIT 15) OR ANY OTHER UNIT THE usER DEsIREs.
UCUT IS CALLED EVERY PRNTINT TIME STEP ITERATIONS. I F IUERR IS SET TO
74, EXECUTION WILL BE TERMINATE. BE SURE TO INCLUDE ANO ENO LINE AT
ENO OF BLOCK OATA 18.

CALLEO BY SUBRWTINE(S) : INWT
CALLS SUBROUTINE(S) : ?

IMPLICIT REAL*8 (A-H, O-Z)

CHARACTER DWMY*l 26

ANY USER -DE FINEO COUMON BLOCKS HERE <--------
COMMON/UDATAl/ I SPOUT

IUERR=O
ISPOUT=O

CONT 1NUE

PLACE

5
READ(5,1000, ENO=6)OWMY

CHECK FOR ENO OF INPUT OATA BLOCK
IF(DWMY(l:3) .EQ.’ENO’ .0DUMMY(l:3 )3 EQEetie)Go)Go TO 6

I F NOT THE END, REREAO LINE F(M DATA

PLACE

6

BACKSPACE (5)

OESIREO FORTRAN
READ(5, *) ISPWT

GO TO 5

CONTINUE

READ STATEMENTS HERE <--------
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487-567

487 1000 FORMAT(A)
488 c
489 RETURN
490 ENO
491 c
492 c ******** ***** ********************************************* ********
493 c
494 SUBRWT I NE UWT .
495 c
496 C THIS SUBROUTINE IS USEFUL FOR SPECIFYING SPECIAL WTPUT DATA TO BE
497 c URITTEN TO FILE SAFSIM. W (UNIT 15) OR ANY OTHER UNIT THE USER DESIRES.
498 C UWT IS CALLED EVERY PRNTINT TIME STEP ITERATIONS.
499 c
500 C CALLED BY SUBRWTINE(S) : INPUT
sol
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533

c
c
c

c

c

c

CALLS

●

SUBRWTINE(S): -?-

IMPLICIT REAL*8 (A- H,O-Z)

PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER

imi
(BIG= l.0012, SHALL:
(MAXNTR=4, MAXG=4,1
(MAXNU=5 ,MAxsBu=MAxN/2+1 )
(JFLAG1=5. JFLAG2=25)

(MAXEL=500,MAXN= 500,MAXSETS=25, MAXC=1O)
(MAXNOZ=25 ,MAXCMPSR=25 ,MAXDF=50)

,XELS=MAXEL/2+1 ,MAXNS=lIIAXN/2+1 ,MAXES=25 )
=1.00-12)
NGEL=MAXG*MAXEL)

(UGAS=8314.41DO)
(P I=3.161592654DO)
(MAX FCV=200, MAX F=200, MAX FCON=25 , MAX FTAB=25
(MAXPAIR=30.14AXORP 1=5)
iMAxF6=MAxF~6, MxF4=t41ix F*4, mAx F2w =mAxF*2+1 )
(MAX FCV3=MAXFCV*3)
(MAXHS=200, MAXELH=500, MAXEX=3 , MAXEXT=350)
(MAX FLUXA=3 ,MAXNH=50, MAXNTH=MAXELH+MAXHS)
(MEXTNU=MAXEXT* MAXNU, MAXHS4=MAXHS*4)
(MAXDNG=25,F4AXOHG=15 , MAXRX=3, MAXREAC=l O)
(MAXNR=MAXONG*MAXRX . MAXHR=MAXOHG*MAXRX .

PARAMETER
PARAMETER

CHARACTER
CHARACTER
CHARACTER
CHARACTER
CHARACTER

540
541 +
542 +
543
544 +
545 +
546
547 +
548 +
549
550
551
552
553
554 +
555
556 +
557 +
558 +
559 +
560 +
561 +
562 +
563
564 +
565 +
566 +
567 +

,MAXFPOL=25)

MAXRR=UAXREAC*MAXRX. MAX3R=3*MAXRX)

534 c
535 C COMMON BLOCKS
536 C -------------
537
538
539 +

(MAXFTAV=li),MAXFTE= 100) -
(MAXFDAV=lO,MAXFDE= 1OO)

TITLE 1*126, TITLE2*126, NAME*1O
~s*12, pMcoRR*l o
RESTART*4 , FNAME*28, FCVNAME*28, NUNAME*24
NAMEHS*24 ,MATNAME*l 2, GEW*l
RXNAME*24, FBNAHE*l 2

COMt40N/ERROR/ I ERR
CCWION/GASCON/NGAS (HAXG) . IEOSO(MAXG) .RGAS(MAXG) .GAS(HAXG) ,

DENc(MAxG,3), IoGAs(mxNu, MAxG), IEosimxNu), NGFiAG#NGIN -
COMMON/VI SCON/VOV(MAXG, MAXNTR), TOV(MAXG,MAXNTR),

SNV(MAXG, MAXNTR) , LAUV(MAXG, MAXNTR) ,NTRV(MAXG),
TRV(MAXG, MAXNTR+l ), VI SM(MAXG)

CCWION/CPCON/ACP (MAXG, MAXNTR ) , BCP(IIIAXG, MAXNTR ) ,
CCP(MAXG, MAXNTR), DCP(MAXG, MAXNTR), NTRC(MAXG),
TRC(MAXG, MAXNTR+l ), CPM(MAXG)

CCMIOWCONOCOWACOND( MAXG,MAXNTR ) , BCOND(MAXG, MAXNTR) ,
CCOND(MAXG, MAXNTR), OCONO(MAXG, MAXNTR),
NTRK(MAXG) ,TRK(MAXG, MAXNTR+l ), CONDM(MAXG)

COMMON/BCl/IBCN( MAXNS), IBC(MAXNS,2), ISN(MAXSETS), IBCNN(MAXNS)
c@N40N/Bc2/Bc(MAxsETs, MAxG+2)
CCMMON/8C3/NMBC, NPBC, NBBC , NBC(MAXNU) , NBCS(MAXNU)
CO#MON/TITLES/T ITLEl, TITLEZ
CWMON/EXECl/TSTART, TEND, TIME, TIMESTEP, DELT, PRNTINT, I STEP,

ISTART,l PRINT, TIMPRNT, NPLT, NDUMP, RESTART
CCUMON/EXEC2/MAXI P(MAXNU) , MAX IM(MAXNU) ,MAXIO(MAXNU) ,

MAXI T(MAXNU), MAXI C(MAXNU), MAX IX(MAXNU),
DRERRP(MAXNU), DRERRM(MAXNU), DRERRD(MAXNU),
DRERRT(MAXNU), DRERRC(MAXNU), DRERRX(MAXNU),
RELAXP(MAXNU) ;RELAXM(MAXNU) ;RELAXO(MAXNU);
RELAXT(MAXNU), RELAXC(MAXNU), RELAXX(MAXNU),
CMRELP(MAXNU),O$IRELM( MAXNU), C+IRELD(MAXNU),
WRELT(MAXNU), WRELC(MAXNU), CMRELX(MAXNU)

CCN4t40N/EXEC3/ IPMAX(MAXNU) , IPMIN(MAXNU), RI PAVG(MAXNU),
ITERP, ITERM(MAXNU) , ITERO(MAXNU), ITERT, ITERC(MAXNU),
ITERX(IIIAXNU, MAXG), ITMAX(MAXNU), ITMIN(MAXNU),
RI TAVG(MAXNU), ICO(MAXNU) , IGE(MAXNU), MEE(MAXNU),
ISKIPCO(MAXNU), IGET(MAXNU)
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568-648

568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
U2
643

z:

z;
648

+

+
+
+
+

+

+
+
+
+
+

+

+

+

+

+

+
+

+
+

+
+
+

+
+

+
+
+
+
+
+
+

+
+

+
+
+
+
+

+

+
+
+
+
+
+
+
+

+
+
+

CWMON/EXEC4/FLOED ,AGRAV, TURLAM, SPEEOCO,NAXSS, THD,
AERRTU, RERRTU, RELAXTU

ccltWoN/ELDATAl/NME( mAxEL), Nl(MAxEL), N2(mAxEL),
DX(MAXEL), ED(MAXEL), RELRUF(MAXEL), DZ(MAXEL),
FA1(MAXEL), FA2(MAXEL), FAE(NAXEL), AK12(MAXEL),
AK21(mAxEL), ALa)(HAxEL), PoR(MxEL), voL(NAxEL),
QDIR(MAXEL), FLOE(HAXEL), XME(MAXEL, MAXG)

CIMMON/ELDATA2/NUHEL JDF(MAXDF), DFF(MAXEL), NOF(NAXNU),
RFLONl(MAXEL), RFLON~(MAXEL)

COMMDN/ELDATA3/AK( MAXEL), FF(NAXEL) ,CON1 (NAXEL), CON2(MAXEL),
CON3(MAXEL), CON4(HAXEL), CON5(MAXEL), CON6(NAXEL),
CFKE(MAXEL), REY(MAXEL), DIR(HAXEL), UUF(MAXEL),
ER(MAXEL), DENE(MAXEL), PRESE(HAXEL), TE(MAXEL),
QFLOE(MAXEL), UFE(HAXEL), QEFF(MAXEL), PRNL(MAXEL),
HAFH(MAXEL), PEC(14AXEL), GRAVE (MAXEL)

cmMoN/ELoATA4/coNDE (MxEL, o: MxG)#vIsE(mAxEL, o: MxG),
CPE(MAXEL, O: MAXG), CVE(NAXEL, O: HAXG), RGASH(MAXEL)

coMmoN/ELDATAls/Nl s(mAxELs), N2s(mAxELs), FLoEs(mAxELs),
NE(NAXELS), JSE(MAXES, MAXELS)

coMnoN/ELDATA2s/NuHELs
CCMON/ELDATA3S/ERS (MAXELS) , GRAVES (MAXELS)
C_/NDATAl/PRESN (MAXN), TN(~XN), XHN(WXN, MXG), OENN(~XN)
COWION/NDATA2/GF (14AXNS, O :HAXC) , GRAV(HAXNS) , CVECT(MAXNS) ,

IEONP(14AXNS)
C@OION/NOATA3/NUMN, NLNIIEQP, NUMEQT
COMMON/NDATA4/GH (MAXN , O: MAXC) ,QVECT (MAXN ) , I EQNT(MAXN ) ,

GT(MAXN, O: MAXC), XVECT(MAXN)
COMMON/NDATAl S/ FLONS(t4AXNS) , FLONAS(MAXNS) ,OFLONAS(MAXNS) ,

PRESNS(MAXNS)
CWMON/NOATA2S/NUMNS . NNS(MAXNS) . NN(MAXN )
CCNIMON;CONNECTi /I CQ(iAXN; O: MAXCj , ICQT(tiXN, O: MAXC),

ICCQ(MAXN, O: MAXC), ICCQT(MAXN, O: MAXC),
FOS(MAXN, O: MAXC), FOST(MAXN, O: MAXC)

coM$loN/coNNEcT2 /I NNT(MAxN), NEQT(mAxNu)
CIlU40N/CONNECPl/ lCM(MAXNS, O: MAXC), ICMP(MAXNS, o: MAXC),

ICCH(MAXNS, O: MAXC), lCCHP(MAXNS, OiMAXC),
SGN(MAXNS, O: MAXC), SGNP(MAXNS, O: MAXC)

CWON/CONNECP2/I NNP(MAXNS) ,NEQP(MAXNIJ) , ISBU(MAXNU)
CCWION/NUOATA/NUMNU, LASTN(O:MAXNU) , LASTE(O :HAXNU) , VOLNU(MAXNU) ,

NUNAME(MAXNU) , POT(MAXNU) , CNU(MAXNU) , TANU(MAXNU) , PANU(MAXNU) ,
LASTES(~XNU), LASTNS(~XNU),DELT F(MAXNU),DTFM(MAXNU),
ISTF(MAXNU), NPRNTF(MAXNU), lDYNFM(MAXNU)

CIMMON/CHOATA/1 CHNG(MAXNU) , NCHNG(MAXNU)
CCWON/PMOATA/PMC(5 ) , PMCORR
CC+U40N/PMFFV/PF (MAXEL), FFCF(MAXEL) ,PFS(HAXELS), FFCFs(HAxELs)
c-/FcmATA/I Fcv ID(MxFcv), IPNTRv(MAxFcv,2 ), Fcw(mx Fcv),

IAFN(NAXFCV), IAFNR(MAXFCV), FCVNME(MAXFCV),
LFcv(MAxFcv,3), NFcvsYs, NFcvFM, NFcvHT, NFcvRD, NFcBc

CU4MON/FDATA/I FN(MAXF), IFID(NAXF), IPNTRF(MAXF,6), FNME(MAxF),
FM(mxF), FvALuE(o-mAxF:MxF ), FcoN(MxFcoN), LF(MxF,4),
FTABX(MAXFTAB, MAXPAIR), FTABY(NAXFTAB, MAXPAIR),
FPOL(MAXFPOL, MAXORP1), IAFNF(MAXF,6),
IHSN(MAXFTAV, MAX FTE), IEN(MAXFTAV, MAXFTE),
TUF(MAXFTAV, MAXFTE), 1NUN(NAXFDAV,14AXFDE),
IFEN(MAXFOAV, MAXFOE), DUF(MAXFOAV, MAXFOE),
NFSYS, NFFM, NFHT, NFRO”

CCWNIN/NOZDAT/NNOZ (MAXNU) , JNOZ(HAXNOZ) , PZ(MAXNOZ) ,DTZ(~xNoz)
COWtON/CMPSROAT /NCMPSR(MAXNU) . JCMPSR(MAXCMPSR) , RSPEED(MAXCHPSR ) ,

SPEED(MAXCMPSR) , NCPNTi(MAXCiPSR) , JCMPSRS(MAXCrnPSR) ,
CTABX(MAXCHPSR ,MAXPAI R) , CTABY(MAXCHPSR ,HAXPAI R )

COMMON/MATDATl/NMATS, MATNAME(HAXFTAB ), OENHS(F4AXFTAB),
SHH(MAXFTAB), CDM(MAXFTAB) ,HSHTYPE(MAXFTAB) ,
HCTYPE(MAXFTAB), NPAIRSSH(MAXFTAB),
NPAIRSC(HAXFTAB), XTSH(MAXFTAB, MAXPAIR),
XTCD(MAXFTAB, MAXPAIR), YSH(HAXFTAB, IIIAXPAIR),
YCD(MAXFTAB, MAXPAIR)

CMON/MATDAT2/DENH (MAXELH), SHH(MAXELH) ,CWDH(MAXELH) ,
TEH(MAXELH)

CHON/HWATAl/NMEHS( MAXHS), NEH(UXHS), COP IES(MAXHS), GEW(MAxHs),
IBcHl(mAxHs) .IBcH2(mAxHs) .TBcl(HAxHs), TBc2(MxHs),
NHBCl(MAXHS) ;NUHl(MAXHS, tiXEX), JEHl(tiXHS, MAXEX), -
JEHls(mAxHs, HAxEx), NHBc2(mAxHs), NuH2(mAxHs, MAxEx),
JEH2(mAxHs, mAxEx), JEH2s(mAxHs, PIAxEx), JHF(MAxHs),
FLUXBC1 (MAXHS) ,AFLUXI(HAXHS), FLUXBC2(14AXHS),
AFLUX2(MAXHS), ETSTEP(MAXHS), ISTH(14AXHS),
OELTH(MAXHS), DTMINH(MAXHS), NPRNT(MXHS), NHS,
QPPPH(MAXHS) FETS(MAXHS), KHDYN(MAXHS)

CCW40N/HSDATA~/1 EXT(MAXNU) , I EX(HAXNU) , JEH(WxExT ,MAxNu) ,
AEX(MAXEXT , MAXNU) ,AEXC(MAXEXT ,MAXNU) ,
EDH(MAXEXT, RAXNU), IHTCLM(MAXEXT, UxNu),
1HTCTUR(MAXEXT ,MAXNU) , TURLAMH(MAXEXT ,HAXNU) ,
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649-729

649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665

667

669
670
671
672

+
+
+
+

+
+
+

+

+
+
+
+
+
+
+
+
+
+
+
&

TUALL(MAXEXT, MAXNU), TEX(MAXEXT, HAXNU),
HTC(MAXEXT, MAXNU), AUXL(MAXEXT, NAXNU),
AUXT(MAXEXT, MAXNU), REYH(MAXEXT, MAXNU),
IEXRS(MAXNIJ)

cHoN/HsoATA3/oxH (MxELH), AREA(MAxELH), voLH(MAxELH), aPPP(MxELH),
MAT ID(MAXELH) .NFLUXA(MAXELH), QPP(MAXELH,MAXFLUXA),
ASURF(MAXELH, fiAXFLUXA), NEX(tiXELH), QPCU(MAXELH),
NUHE(MAXELH, MAXEX), JEHE(MAXELH, MAXEX), D1M(MAXHS,4)

cmMoN/HsDATA4/GK( mxNH,3), RvEcT(MxNH), TNH(MxNTH), TNHo(MAxNTH),
FACT I (MAXNTH )

CCBIMON/RODATA/NRX, NONG(MAXRX) , NOHG(MAXRX) , RXNAME(MAXRX) ,
BETA(MAXRX), CMEFRAC(MAXRX), GENT IME(IIIAXRX),
RDN(MAXRX), SOURCE (MAXRX), XLAM(HAXDNG, MAXRX),
BETAG(MAXDNG, MAXRX), CDN(MAXONG, NAXRX), ISRD(MAXRX),
XLAMH(MAXDHG, MAXRX), EFRACG(MAXDHG, MAXRX),
COH(MAXDHG, WXRX), NREAC(MAXRX), DREAC(WXREAC, WXRX),
REACT (MAXRX), DTRDMIN(MAXRX), DRERRR(NAXRX),
DELTR(MAXRX), NPRNTRO(HAXRX), RDNE(MXRX), RDNO(MAXRX),
DELTRL(MAXRX), CDNO(MAXONG, MAXRX), CDHO(MAXDHG, MXRX),
DTRDMAX(PIAXRX), RONEO(MAXRX) ,RDST1 (MAXRX), PRI (MAXRX) ,
AUXRO(3, MAXRX), KSOLVE(MAXRX), RERRR(MAXRX),
DREACI (MAXREAC, MAXRX) , PER I NV(MAXRX) , PER 1NVE(F4AXRX) ,
DREACI T(MAXRX) , FBNAME(HAXREAC, MAXRX)

COMMON/ROCONS/CONN (liAXRX) .CONC(MAXONG. MAXRX) . FC(15) . FCA(9)
673 CCM40N;PROATA;KOPTPR( MAXRX ), NPAI RSPR(rnAXRX) jDRHtiT (iIAxRx ),
674 + XTPR(MAXRX, MAXPAIR), YPR(MAXRX, MAXPAIR),1PR(MAXRX)
675 C
676 C PLACE USER-DEFINED CMMON BLOCKS HERE <--------
677 C
678 C
679 C PLACE USER-OEFINED OUTPUT HERE <--------
680 COMMON/UOATAl / I SPCAJT
681 c
=2 C WRITE NODE STAGNATION PRESSURES FOR EACH NETUORK, I F REWESTED
683 c (I SPCAJT IS SPECIFIED IN USER-DE FINEO INPUT OATA)
684C
685
686
687

w
691
692
693 C
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711 +

–IF(ISPOUT .GT. O)THEN
I P=O
JP=O
LN1=I
URITE(15,998)

-00 2 NU=l , NUMNU
LN2=LASTE(NU)
NN2=LASTN(NW)

URITE(15,1000)T IME, NU

[ ,:

0 10 J= LN1, LN2
JHJP=J-JP
I1=N1(J)
12= N2(J)
GAMMA=CPE(J, o)/CVE(J, o)
Vl=FLOE(J)/(DENN( Il)*POR(J)*FAl(J)) ‘
XMl=V1/DSQRT(GAMMA* RGASM(J)*TN( 11))
GM102=(GAMMA-1 .000) *O.5D0
GOGM1=GAMMA/(GAMMA- 1. 000)
PSN1=PRESN( 11 )*(1 .ODO+GM1O2*XM1*XM1 )** GOGM1
v2=FLoE(J)/(oENN( 12)* PoR(J)*FA2(J))
XM2=V2/OSQRT(GAIUIIA* RGASM( J )*TN( 12) )
GII1102=(GAMMA- 1. OOO)*O.5DO
GOGMl=GAMMA/(GAMMA-l .ODO)
PSN2=PRESN( I 2 )*( 1. 0DO+GM102*XM2”XM2 )** GOGM1
URITE(15,1005 )JMJP, Il-IP, 12-IP, PSNl, PSN2, PSNl/PRESN(Il),

PsN2/PREsN( 12), vl#v2, xMl, xM2, NAME(J)
ONT I NUE

LN1=LN2+1
IP=NN2
JP=LN2

-CONTINUE
-END IF

7i2 10
713 c
714
715
716
717 2
718
719 c
720 C
721 C ANO,
722 C
723 KR=l
724 C THIS tlJTPUT IS PROVIOEO IF USER-DEFINED CONTROL LAU #2 IS SPECIFIEO
725 C
726 C YPR(KR,2) IS THE DRUM ROTATION ANGLE IN radians
727 C NOTE: A POSITIVE ROTATION 1S CLOCKUISE ANO GIVES A NEGATIVE
728 C REACTIVITY INSERTION (ROTATES POISON TOUARO CORE)
729 C YPR(KR,3) IS THE CURRENT DRUM UORTH
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730-810

no C AUXRO(I ,KR) IS THE MAX ORUM WRTH UHICH CAN BE FUNCTION CONTROLLEO
731 IF(KOPTPR(KR) .GT.3.AND. NPAIRSPR(KR) .EQ.2)THEN
732

L

WI TE(9,2000)TIME, YPR(KR,2)*57.29578, YPR(KR,3)/BETA( KR),
733 + AUXRO(l, KR)/BETA(KR)
734 NOIF
735 c
736 C
737 c
738 998
739 1000
740 +
741 +
742 +
743
744 1005+
745 2000
746 +
747 +

FORMAT(l 1,/1 1,64( 1><$ ),/)
FORMAT(! ‘,/1 1,2X,!*** TIME (S) = ‘,1 PE12.4,4X,

lFLOU NETUORK # 1,13,3 X,!** *1,//1 1,3X,
‘Ex’, lx, ’N@ El’, lX,’NooE21 ,4 X,t Pol (Pa)t,5X, lPo2 (pa)l ,3X,
t POl/P1l ,3X,1 PO2/P21,5X,1Vl (M/S) 1,5 X,IV2 (M/s) I,4x,
‘MACH 11,5 X,1 MACH21,6X, $NAME ‘)

FORMAT(l 1, 15,1 X, 14,2X, 14,2X,2(2( lPE12.4,1X),2(OPF8 .5,2X )),2X, A)
FORXAT(’ ‘,2X, ’*TIME (s) = ‘,1 PE12.4,4x,’oRIM ANGLE (degrees) = ‘,

E12.4, /’ ‘,3X,’ORLNi UORTH (S) = ‘, E12.4,2X,
lMAXIMIJM DRUM U3RTH (S) = 1, E12.4)

748 C
7L9 c
%0- RETURN
?s1 ENO
752 c
753 c ******** ***** ********************************************* ● *******

754 c
755 FUNCTION UEOS(P, T,1OP)
7S6 C
757 C EVALUATE USER -SUPPL1 EO EQUAT ION OF STATE ( FLUIO OENSI TY)
758 C BE SURE TO L INK ANY REWI REO OATA BASES TO SAFSIH
759 C ALSO, NOTE THAT ALL VARIABLES ANO FUNCTIONS IN SAFSIH
760 C ARE REAL*8; THUS, ANY USER-SUPPLIEO FUNCTIONS SHCiJLO BE
761 C APPROPR lATELY OECLAREO OR CONVERTEO
762 C
763 IHPLICIT REAL*8 (A- H,O-Z)
764 c
765 PARAMETER (MAXEL=500, MAXG=4)
7(M c
767 cmoN/ELoATA4/cmoE (MxEL, o: HAxG), vIsE(HAxEL, o: MxG),
768 + CPE(MAXEL, O: HAXG), CVE(MAXEL, O: MAXG), RGASM(MAXEL)
769 C
770 C P IS FLUIO PRESSURE
771 C T IS FLUIO TEMPERATURE
772 C IOP-2 IS USER EOS OPTION NUMBER; THUS; IF MORE THAN ONE USER-
773C SUPPLIEO EOUATION OF STATE IS IMPLEMENTED, THE FIRST HILL HAVE
774 c IW’=3, THUS IOP-2=1 . . .
775C USE IOP TO INDICATE WHICH USER- SUPPLIEO EOS TO USE, FOR EXAMPLE:
776 C GO TO (1,2,3), IOP-2
777C
778 C ueos=ptdens(p, t )

CALL UPH2EOS2(P, T, RHO)
780 UEOS=RHO
781 C
782 RETURN
783 ENO
784 c
785 c ******** ***** ********************************************* ********

786 i
787
788 c
789 C
790 c
791 c
792 c
793 c
794 c
795
796 C

% c

E
801 C
802 C
803 C
804 C
805 C
806 c
807 C
808 c
809 C
810 C

FUNCTION UCP(P, T, IOP, JE, IG)

EVALUATE USER -SUPPL IEO PROPERTY (CONSTANT PRESSURE SPECIFIC HEAT)
BE SURE TO LINK ANY REQUIREO OATA BASES TO SAFSIH
ALSO, NOTE THAT ALL VARIABLES ANO FUNCTIONS IN SAFSIH
ARE REAL*8; THUS, ANY USER-SUPPLIED FUNCT IONS SHCULO BE
APPROPRIATELY OECLAREO OR CONVERTEO

IMPLICIT REAL*8 (A- H,O-Z)

PARAMETER (MAXEL=500,MAXG=4)

cMMoN/ELoATA4/coNoE( MAxEL, o: MxG), vIsE(MxEL, o: MxG),
+ CPE(MAXEL, O: MAXG), CVE(MAXEL, O: MAXG), RGASM(MAXEL)

CWMON BLOCK ELOATA4 IS PROVIOEO IN CASE THE USER NEEOS THE PROPERTY
VALUES IN THE USER-SUPPLIED FUNCTIONS. JE ANO IG ARE PROVIOEO IN
THE CALLING LIST TO ACCESS THE APPROPRIATE ELEMENT ANO GAS;
THUS, CP=CPE(JE, IG)

JE IS THE ELEMENT NUMBER
IG IS THE GAS IO NUMBER (O FOR MIXTURE)
P IS FLUIO PRESSURE
T IS FLU1O TEMPERATURE

.;.
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811-891

811 C
812 C
813 C
814 C
815 C
816 c
817 C

818
819
820
821
822
823 C
824
825 C
826 C
827 C

828 C

829 C

830 C

831 C

832 C

833 C

834 C

835 C

836 C

837 C

838 C

839 C

840 c

841

842
843 c

1OP-2 1S USER EOS OPTION NUMBER; THUS; IF MORE THAN ONE USER-
SUPPLIEO EQUATION OF STATE IS IMPLEMENTED, THE FIRST UILL HAVE
IOP=3. THUS IOP-2=1 . . .
usE ib To INDICATE itiicH USER-WppLIED EOS To usE, FOR EX~pLE:

GO TO (1,2,3), IOP-2

THE

Ucp=ptcp(p, t )
CALL UPH2EOS1(P, T, CP, GAH, TK, VIS, A)
UCP=CP
CVE(JE, IG)=CP/GAM
CONOE(JE, IG)=TK
VI SE(JE, IG)=VIS

NEXT LINE 1S OPTIONAL UHEN USING THE
RGASM( JE )=A*A/(GAM*T )

PH2 EOS (SEE NOTE BELOU)

NOTE :
for gases, an effective mixture gas constant (rgasm) is determined

in subroutine eos based on the ideal gas law; thus,
rgasm = p/(densi t~t). however,
if the user-supplied eos is for a tiquid, the value of
rgaam ahouid be set to a value in this function that provides
a reasonable estimate of sound speed based on sqrt(gansna*rgasm*t)
for exanple,

rgaam( j )=amod/(den*t )
~here emod is the bulk compressibility modulus, den is liquid density,
and emod and den are evaluated at temperature t.
remember that 1 iquids and gases cannot bs mixed, so only redefine
rgasm if only one fluid in the netuork is

Rresent ‘r “e ‘Urethat rgasm is a representative value for t e mixture.

RETURN
ENO

&& c ● ******* ***** ********************************************* ● *******

&is c
846
847 c
848 C
849 c
850 C
851 C
852 C
853 C
854
855 C
856
857 C
858
859
860 c
861 c
862 c
863 c
864C
865 c
866C
867 c
868C
869 c
870 C
871 C
872 C
873 C
874 C
875 C
876 C

877
878 C
879
880
881 c

FUNCTION UCV(P, T, IOP, JE, IG)

EVALUATE USER -SUPPL 1ED PROPERTY (CONSTANT VOLUME SPECIFIC HEAT)
BE SURE TO LINK ANY REOUIREO OATA BASES TO SAFSIM
ALSO, NOTE THAT ALL VARIABLES ANO FUNCTIONS IN SAFSIM
ARE REAL*8; THUS, ANY USER- SUPPLIEO FUNCTIONS SHOULO BE
APPROPRIATELY DECLAREO OR CONVERTED

IMPLICIT REAL*8 (A- H,O-Z)

PARAMETER (HAXEL=500, MAXG=4)

CCW40N/ELOATA4/CONOE(MA XEL ,0 :MAXG) ,VI SE(HAXEL , O: MAXG) ,
+ CPE(lIIAXEL, O: MAXG), CVE(MAXEL, O: MAXG), RGASH(MAXEL)

COMMON BLOCK ELOATA4 IS PROVIOEO IN CASE THE USER NEEOS THE PROPERTY
VALUES IN THE USER-SUPPLIEO FUNCTIONS. JE ANO IG ARE PROVIDEO IN
THE CALLING LIST TO ACCESS THE APPROPRIATE ELEMENT ANO GAS;
THUS, CP=CPE(JE,l G)

JE IS THE ELEMENT NUMBER
IG 1S THE GAS IO NUMBER (O FOR MIXTURE)
P IS FLUIO PRESSURE
T IS FLUIO TEMPERATURE
IOP-2 IS USER EOS OPTION NUMBER; THUS; I F MORE THAN ONE USER-

SUPPLIEO EQUATION OF STATE IS IMPLEMENTED, THE FIRST UILL HAVE
IOP=3, THUS IOP-2=1 . . .
USE IOP TO INOICATE UHICH USER- SUPPLIEO EOS TO USE, FOR EXAMPLE:

GO TO (1,2,3), IOP-2

Ucv=ptcv(p, t )
UCV=CVE(JE, IG)

RETURN
ENO

882 c ● ******* ***** ********************************************* ********

883 c
FUNCTION UCONO(P, T, IOP, JE, IG)

885 c
886 C EVALUATE USER-SUPPLIEO PROPERTY (FLUID CONDUCTIVITY)
887 c BE SURE TO LINK ANY REQUIREO OATA BASES TO SAFSIH
888C ALSO, NOTE THAT ALL VARIABLES ANO FUNCTIONS IN SAFSIM
889 c ARE REAL*8; THUS, ANY USER-SUPPLIEO FUNCTIONS SHCXJLD BE
890 C APPROPRIATELY OECLAREO OR CONVERTEO
891 C
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892-959

892
893 C
894
895 C
896
897
898 C
8W C
900 c
901 c
902 C
903 c
904 c
905 c
906 c
907 c
908 c
909 c
910 c
911 c
912 C
913 c
914 c
915
916 C
917
918
919 c

IMPLICIT REAL*8 (A- H,O-Z)

PARANETER (MAXEL=500, MAXG=4)

CCNUWN/ELDATA4/CONOE (MAXEL, O: MAXG), VI SE(MAXEL, o: MAXG),
+ CPE(MAXEL, O: MAXG), CVE(MAXEL, O: MAXG), RGASN(HAXEL)

COMNCIN BLOCK ELOATA4 IS PROVIOEO IN CASE THE USER NEEDS THE PROPERTY
VALUES IN THE USER -SUPPLIED FUNCTIONS. JE AND lG ARE PROV1OED IN
THE CALLING LIST TO ACCESS THE APPRW’RIATE ELEMENT ANO GAS;
THUS, CP=CPE(JE, IG)

JE IS THE ELEMENT NUMBER
IG IS THE GAS IO NUMBER (O FOR MIXTURE)
P 1S FLUID PRESSURE
T 1S FLUIO TEMPERATURE
IOP-2 IS USER EOS OPTION NUMBER; THUS; I F HtME THAN ONE USER-

SUPPLIEO EOUATION OF STATE 1S IHPLEMENTEO, THE FIRST HILL HAVE
IOP=3. THUS IOP-2=1 . . .
USE 16P TO INOICATE UHICH USER-SUPPLIED EOS TO USE, FOR EXANPLE:

GO TO (1,2,3), IOP-2

Ucond=ptcond(p, t )
UCONO=CONOE(JE, IG)

RETURN
END

920 c ******** ***** ********************************************* ********

921 c
922
923 C
924 C
925 C
926 C
927 C
928 C
929 C
930
931 c
932
933 c
934
935
936 C
937 c
938 C
939 c
940 c
941 c
942 C
943 c
944 c
945 c
946 C
947 c
948 C
949 c
950 c
951 c
952 C

953
954 c
955

FUNCTION UVIS(P, T, IOP, JE, IG)

EVALUATE USER-SUPPLIED PROPERTY ( FLU1O VISCOSITY)
BE SURE TO LINK ANY REWIRED DATA BASES TO SAFSIM
ALSO, NOTE THAT ALL VARIABLES AND FUNCTIONS IN SAFSIM
ARE REAL*8; THUS, ANY USER -SUPPL I EO FUNCT IONS SHOULO BE
APPROPRIATELY OECLAREO OR CONVERTEO

IMPLICIT REAL*8 (A- H,O-Z)

PARAMETER (MAXEL=500, MAXG=4)

CCWION/ELDATA4/CONDE (MAXEL ,0 :MAXG) ,VI SE(MAXEL , O: MAXG) ,
+ CPE(MAXEL, O: MAXG), CVE(MAXEL, O: MAXG), RGASM(MAXEL)

COWON BLOCK ELDATA4 IS PROV1OEO IN CASE THE USER NEEDS THE PRWERTY
VALUES IN THE USER-SUPPLIEO FUNCTIONS. JE ANO IG ARE PROVIOEO IN
THE CALLING LIST TO ACCESS THE APPROPRIATE ELEMENT ANO GAS;
THUS, CP=CPE(JE, [G)

JE IS THE ELEMENT NUMBER
IG IS THE GAS 10 NUMBER (O FOR MIXTURE)
P IS FLUIO PRESSURE
T 1S FLUIO TEMPERATURE
IOP-2 IS USER EOS OPTION NUWER: THUS; IF MORE THAN ONE USER-

SUPPLIEO EQUATION OF STATE IS iMPLEHENTEO, THE FIRST UILL HAVE
IOP=3. THUS IOP-2=1 . . .
USE lb TO INOICATE UHICH USER-SUPPLIED EOS TO USE, FOR EXAMPLE:

GO TO (1,2,3), IOP-2

wis=ptvisc(p, t)
UVIS=VISE(JE, IG)

RETURN
956 END
957 c
958 c ******** ***** ********************************************* ********

959 c
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ACOND, 29
ACP, 28
AERRTW, 19
AEX, 53,55,58
AFLUX1, 52
AFLUX2, 57
AGRAV, 20
AK12, 32
AK21, 33
ALOD, 33
AREA, 54
ASURF, 55
AUXL, 53,56,58
AUXRD, 65
AUXT, 54,56,58
BCH1, 52
BCH2, 56
BCKIND, 38
BCOND, 29
BCP, 28
BETAG, 66
CCOND, 29
CCP, 28
CD, 47,48
CDC, 47,48
CDH, 67
CDM, 47
CDN, 66
CDP, 35
CFLO, 34
CONDM, 29
COPIES, 49
COSA, 34
CPM, 28
DCOND, 29
DCP, 28
DELTR, 65
DENC, 27
DENHS, 45
DIM1, 51
DIM2, 51

DIM3, 51
DIM4, 51
DREAC, 68
DREACI, 68
DRERRC, 24
DRERRD, 24
DRERRM, 24
DRERRP, 24
DRERRR, 65
DRERRT, 24
DRERRX, 24
DTFM, 22
DTMINH, 50
DTRDMAX, 65
DTRDMIN, 65
DX, 31
DXH, 54
DZ, 31
ED, 31
EDH, 53,56,58
EFRACG, 67
END, 25,29,35,37,48,59,61, 63,
69,71,73,75,77,78
FA1, 32
FA2, 32
FAE, 32
FBNAME, 68
FCVM, 42,61,71,75
FCVNAME, 41,60,70,74
FETS, 50
FLOED, 20
FLOES, 35
FLUXBC1, 52
FLUXBC2, 57
FM, 43,62, 72,76
FNAME, 43,62,72,76
FVALUE, 43,62, 72, 76
GAS, 26
GENTIME, 64
GEOM, 50
IAFN, 41,60, 70, 74
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IALOD, 33
idgas, 26
IDS, 38
IDSET, 38,39
IDYNFM, 23,32
IEOSO, 26,27
IFCVID, 41,60,70,74
IFID, 43,62,72,76
IFN, 43,62,72,76,78
igas, 26
IHTCLAM, 53,56,58
IHTCTUR, 53,56,58
ISKIPCD, 22
ISTART, 20
JE, 30
JEH1, 53
JEH2, 57
JEHE, 55
JES, 30
KH, 49
KHDYN, 49
KOPl?PR, 68
KR, 64
KSOLVE, 64
Ll, 42,61,71,75
L2, 42,61,71,75
L3, 42,61,71,75
LAw, 28
MAT, 54
MATNAME, 45
MAXIC, 23
MAXID, 23
MAXIM, 23
MAXIP, 23
MAXIT, 23
MAXIX, 24
MAXSS, 19
MCDTYPE, 47
MEE, 22
MSHTYPE, 45
Nl, 31
NIS, 30
N2, 31
N2S, 30
NAME, 30

NAMEHS, 49
NDHG, 66
NDNG, 66
NDUMP, 20
NE, 30
NEH, 49
NEX, 55
NFLUXA, 54
NGAS, 26
NHBC1, 52
NHBC2, 57
NID, 36
NP, 45,47
NPLT, 20
NPNTS, 34
NPPR, 68
NPRNTF, 23
NPRNTH, 50
NPRNTRD, 65
NREAC, 67
NSSLS, 19
NTRC, 28
NTRK, 29
NTRV, 27
NUMNW, 22
NW, 22,26
NWH1, 53
NWH2, 57
NWHE, 55
NWNAME, 22
PMC1, 21
PMC2, 21
PMC3, 21
PMC4, 21
PMC5, 22
PMCORR, 21
PMVALUE, 39
POR, 31
POT, 39
PR, 68,69
PRC, 69
PRESND, 36
PRI, 69
PRNTINT, 20
I?I’X, 36
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QDIR, 34
QPP, 55
QPPP, 49,54
QPPPM, 49,54
RDN, 64
RDST, 65
RELAXC, 25
RELAXD, 25
RELAXM, 25
REIAXP, 24
RELAXT, 25
RELAXTW, 19
RELAXX, 25
RELRUF, 32
RESTART, 19
RGAS, 27
RSPEED, 34
RxNAME, 64
SH, 46
SHC, 46
SHM, 45
SNV, 28
SOURCE, 64
SPEED, 34
SPEEDCO, 21
T, 46,47
t, 68
TBC1, 52
TBC2, 57
TEND, 20
THD, 21
TIMESTEP, 20
TITLE1, 19
TITLE2, 19
TND, 36
TNH, 59
TOV, 28
TRC, 28
TRK, 29
TRV, 27
TSTART, 20
TURLAM, 21
TURLAMH, 53,56,58
TVALUE, 39
VALUE, 36

VISM, 27
VOL, 32
VOLH, 54
VOV, 28
XLAM, 66
XLAMH, 67
XMND, 36
XVALUE, 39
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